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Abstract 
In many 21
st
 century teaching spaces students have an opportunity to make use 
of modern technologies to assist them in their learning.  Today’s teaching spaces 
often have Internet access that is Ethernet or Wi-Fi connected, or both.  Also, some 
spaces have been designed to be flexible in layout in order to support a more 
interactive model of learning and to accommodate the use of the latest technologies; 
and some are even equipped with devices for students’ use during class times. At the 
same time this change has been taking place in teaching spaces we have seen the 
emergence of mobile devices and their related technologies; devices that may be 
suited to assist students in this more interactive model of learning. 
This project involved an investigation into the pedagogical approach that would 
best suit the integration of mobile technologies into a flexible tertiary class setting 
and the development of educational software that might assist learning in such a 
setting.  The software was developed as a hybrid application for use on any of 
Apple’s mobile devices and any smart phone running on an Android platform.  The 
inclusion and testing of the application’s impact as an educational assistant took 
place within a tertiary Information Technology class. 
Outcomes were measured for both quantitative and qualitative value.  
Quantitative measurements were made of the results of in-class tests and also of 
students final exam results.  Qualitative measures were made from student survey 
responses to the inclusion/use of the devices. 
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Chapter 1:  Introduction 
This chapter outlines the background and context of the research, and its 
purposes.  It also describes the significance and scope of this research, and its 
limitations. Finally, the last section includes an outline of the remaining chapters of 
the thesis. 
Background 
Recent years have seen highly visible advancements in the development of 
mobile technologies and the general public has responded to the availability of these 
technologies positively.  In the United States, the iPhone took only 74 days to reach 1 
million sales; and the iPad 3G took 28 days (TechWorld Inc., 2010).  Also in the US 
the incidence of students owning a smart phone has steadily increased and these 
devices are replacing more traditional mobile phones at a fast pace (Dean, 2010). 
According to Barry Corrigan of the Australian Financial Review, Australian 
research company Telsyte had predicted an estimate of approximately 12.5 million 
smart phones in circulation in our country by the end of 2012. This accounts for 
nearly two-thirds (64%) of the nation’s mobile phone ownership signalling that 
ownership is getting close to saturation point (Corrigan, 2012).  
These increasingly popular devices can provide immediacy of information, 
mobility, networking facilities, camera, video and voice recording, and customisation 
of both the device and its applications, and this isn’t an exhaustive list of capabilities.  
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Research has shown that mobile devices are one of a group of technologies that 
would have a distinct impact on learning in higher education institutions within the 
next few years (Johnson, Smith et al., 2010).  According to the 2011 Horizon Report, 
mobile devices were ranked second only to e-Books as trends that steer the adoption 
of educational technologies (Johnson, Adams et al., 2011).  And the 2012 edition of 
the Horizon Report (Higher Education Edition) revealed that the technologies 
considered to carry the greatest potential and have the most impact on the tertiary 
sector in the year 2013 were mobile apps and tablets. The advisory board behind the 
findings published in Technology Outlook: Australian Tertiary Education 2012–
2017 predicted that mobile apps would become mainstream in tertiary education in 
2013 (Johnson, Adams et al., 2012). 
When computers were first introduced into educational settings their impact 
upon students and educators was unknown. The introduction of mobile devices also 
carries with it some of this same unfamiliarity. Yet, these devices have appeared so 
quickly, the array of platforms, types and features of the devices and the number and 
nature of applications available are diverse, and students have purchased them 
readily. In some ways they seem almost a new entity quite separate from traditional 
computing devices. 
So, if these devices offer so much and ownership is increasing among student 
populations it may benefit both our students and our tertiary institutions to make use 
of them in our learning environments.  Alongside their arrival, the adoption of more 
interactive teaching practices within tertiary institutions is becoming accepted. There 
are some who even argue that pedagogy should be rethought for this digital age 
(Beetham & Sharpe, 2007). Therefore, for the greatest benefit to be gained from their 
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use in learning it is important to first discover the most successful ways to integrate 
them into a learning environment. This thesis looks at ways in which these devices 
could be successfully integrated into a first year programming unit within the School 
of Engineering & Information Technology at Charles Darwin University (CDU). 
Context 
The Learning Environment 
At present, I am an Information Technology lecturer within the School of 
Engineering & Information Technology at CDU. In our School, a number of the 
classes are delivered in an interactive laboratory or workshop style.  The aim of this 
is to accommodate for a greater immersion by the students in the technologies under 
study and also provide a physical environment that fosters experimentation and 
collaboration by students.  These classes take place in one of the School’s premier 
learning spaces - the e-Learning Studio.  This learning space was modelled on an 
earlier pilot space elsewhere on CDU’s Casuarina campus and is open for use by 
Schools other than ours.  Since its opening at the start of 2010, it has been one of the 
most sought after teaching rooms on campus. The space is designed to hold a 
maximum of about 65 students, with actual class sizes varying from 20 to 65 
students. Classes in the space are no longer divided into lecture/tutorial times but 
instead all are of a more interactive nature. There are times of teaching, alternating 
with times of practical application, for the entire duration of a class.  Students are 
seated around large teardrop shaped tables on castors that comfortably seat 8 
students; and all chairs are also on castors. The tables can be divided in half if 
required and also stacked with the table tops in a vertical position if more space is 
required in the room.  This design is conducive to breaking a larger class into smaller 
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modules for group work. The type of seating arrangement also means that students 
are not just seated next to or behind each other (as they would be in a formal lecture 
theatre) but across from each other, encouraging interaction during class times.  
The e-Learning Studio also houses sixty-five (65) 13” MacBook Pro laptops.  
All required software for learning during class times has been installed on these 
machines, and they connect to the university’s student Wi-Fi network. 
The 13” laptop was a deliberate choice.  Our aim has been to provide a 
machine that is very portable.  The 13” machine is both smaller and lighter than a 15” 
display and therefore easier for students to pick up and carry across the table or room.  
It also allows for more workspace at the tables. 
The laptops are housed in laptop garages for recharging and security purposes.  
Above the tables there are electricity cables extending down from the ceiling of the 
room to which a lead with an 8-way power pack can be attached.  The power packs 
rest in the middle of the tables.  If a machine is in use and requires re-charging a 
student can connect the machine to electricity at the table and continue working. 
Corded mice are also supplied. 
At the start of each class students either take a laptop from the classroom’s 
laptop garage or they can use their own portable machine, but all students are 
required to have a machine for their use during class times. The teaching is structured 
so that students have opportunity to use these laptops throughout class time. This 
enables students to make immediate application of their learning, through time being 
given during classes for students to learn by doing.  For the duration of a class there 
is an alternation of learning through concepts and learning by doing. The mobility of 
these laptops within the teaching space, combined with the fluidity of the space itself 
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and its furnishings, accommodates the easy movement of students between tables and 
groupings, improving a student’s access to the educator, other students in the same 
class, and also any other equipment that is housed in the space.  
At present the laptops housed in the space’s laptop garage are imaged1 and 
maintained by the School’s lecturing staff.  Installation and updating of software 
across all machines can take place only at the end of semester, when the machines 
aren’t in use, involving a time delay often of many weeks if new software is required.  
If a software problem arises with an individual laptop, the machine is just re-imaged, 
saving valuable staff time.  Because of security restrictions the use of these laptops is 
limited to class times and within the boundaries of the e-Learning Studio, as the 
machines are highly portable. 
The e-Learning Studio also has CCTV security at the entrance to the room and 
all devices have a security tag attached to them that activates an alarm when any 
device approaches within 2 feet of the exit doors. 
The Students 
Today, university students are very familiar with laptops and these machines 
are still very popular both in classroom settings and for private ownership by 
students. Many such students also carry on their persons their own personal hand-
held mobile devices, many of which are smart phones.  A study by University of 
Colorado School of Journalism & Mass Communications found that approximately 
53% of university students owned a smartphone (Dean, 2010).  The 2012 ECAR 
                                                 
 
1
 To image a device means to make an exact replica of the hard drive of an original device for the 
purpose of copying this to other devices of the same type.  The result is many identical devices.  In our 
School, the original device’s user settings and installed software are first customized to suit our 
requirements before a replica is made for copying purposes. 
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Study of Undergraduate Students and Information Technology (Dahlstrom et al., 
2012) in the United States reported the following growth in student ownership of 
smart phones: 
 2011 – 55% of students owned a smart phone 
 2012 – 62% of students owned a smart phone 
The percentage of these students who used their smart phones for academic 
purposes also grew significantly in the same period of time: 
 2011 – 37% of student owners 
 2012 – 67% of student owners 
By 2013, 76% of students owned a smart phone and their use for academic 
purposes is still rising (Dahlstrom et al., 2013). Clearly, ownership and educational 
use of these devices is increasing, and trends in youth in Australia generally follow 
closely behind those of the US.  With this increase, it would be beneficial to put into 
the hands of our students learning tools that can easily and speedily be updated with 
new software as needed; and which could also extend outside the walls of a 
classroom and the timeframe of class hours. 
Our School purchased 3 iPhones and 2 iPads for student use at the start of 
2010.  At the end of 2011, research funding became available and some of this 
funding was used to purchase more mobile devices.  Currently there are 41 devices – 
32 smart phones and 9 iPads.  All these devices are now housed in a mobile storage 
and re-charge trolley in the e-Learning Studio. Security tags are attached to all 
devices and they have been made available for students’ use during class times since 
the start of 2012. 
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The Wireless Network 
Sixty-five MacBooks and forty-one hand-held devices, plus any wireless 
devices that students carry on their persons, add up to a large number of devices 
attempting to access the student Wi-Fi network through the two wireless routers that 
were already installed to facilitate wireless connection to the university network.  
This presented some difficulties throughout 2012.  It became a common occurrence 
for any device to suddenly lose its network connection and this was at times an 
obstruction to learning.  At the close of 2012, the wireless routers were upgraded to 
cope with the increased volume of connecting devices. 
Summary of the Context 
Researching the use of hand-held devices used as learning tools in our classes 
would assist in guiding our School’s development of curricula, future purchases of 
both hardware and associated software, and also development of any software for 
devices that would aid in the delivery of our teaching units.  It also would inform any 
future design or re-design of both our teaching practices and spaces and also apprise 
our staff of any future network provisions for the learning space. 
Purposes 
Problem Definition 
Technology has been assisting and enabling teaching and learning for as long 
as it has been in existence – from the use of parchment and pen in recording the 
words of Aristotle, to the use of chalk and slates in educating students, on to the use 
of modern computers in today’s classrooms.  Technology’s impact on education also 
is not a new phenomenon.  The invention of the printing press opened up the 
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possibility of education to common people. It also brought about changes in formal 
class teaching as copies of books became more readily available; and it enabled self-
education to be more widespread.  This study looks at the use of electronic 
technologies, hand-held mobile devices in particular, within the context of a flexible 
learning environment in a tertiary educational context.  These devices have become 
increasingly popular among student populations.  Therefore a purpose of this study is 
to find out what has been discovered already about using these devices in learning.  
Then from these writings to find out what are the advantages, constraints and 
cautions that when known and allowed for, would result in the best approaches to the 
devices’ integration into an introductory programming unit in Information 
Technology.   
Programming has for many years been recognized at difficult for some 
students to learn.  It is a complex skill to develop and the study also aims to test 
whether or not an app on a mobile device used during classes would be of any 
assistance to students in their initial learning of a programming language. 
Research Directions 
This research investigates topics that are relevant to and impact upon the use of 
these devices in a tertiary educational situation.   As the research will include the 
development of an application on a hand-held mobile device these particular devices 
are included in the investigation.  The investigation also covers hand-held devices’ 
incorporation into a learner’s experience, how the learner interacts with such a 
device, educators’ approaches to learning with these devices, and changing theories 
of learning that are emerging as a result of the embedding of technologies in learning. 
These have been included in order to identify the teaching approach that offers the 
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best opportunity for integration of assistive technologies into our School’s 
curriculum. 
Research Questions 
The purpose of the research is to find out how the School of Engineering & 
Information Technology at CDU could assimilate smart phones in our current 
learning environment in order to provide a better academic outcome and enhanced 
learning experience for our students. 
The questions to be answered are: 
 What benefits are there for students both academic and engagement wise 
when these devices are included in their learning? 
 How could these devices be used to successfully support pedagogical aims 
in our learning spaces?   
 What are the challenges that need to be addressed when including these 
devices in our learning spaces? 
 What software development choices exist for such devices? 
An educational mobile application was developed to support the investigation 
into the above questions. The application runs on the above-mentioned smart phones 
for use in a unit of study in our School.  The observation and analysis of students’ use 
of the application on the smart phones within one of our classes is also part of the 
study.  It is hoped that this application will also serve as a template for future 
applications that could be developed for other units of study. 
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Significance, Scope, and Limitations  
Significance 
The contribution this study will make to the School of Engineering & 
Information Technology at CDU is expected to be a current understanding of the 
benefits and challenges that mobile devices can bring to students’ classroom learning. 
Alongside this is knowledge of what are successful teaching approaches to take when 
including mobile devices in our classes.  Being in possession of up to date 
information about these devices will also provide valuable insight when making 
decisions about buying any further devices in the future and any potential software 
purchases or development for existing or future devices. 
The development of a mobile application, which is part of this investigation, is 
intended to provide practical value to a unit of study within the School of 
Engineering & Information Technology.  This application will also act as the basis 
for further development of applications for use in other units offered by us. 
Scope & Limitations 
The scope of the study is within the School and will be limited in the following 
ways:  
 The devices included in the study are smart phones and do not include 
devices such as iPads, iPad Minis, tablets or other similar small surface 
mobile computers.  At present our School has possession of 32 smart 
phones and these are the devices on which the mobile applications will 
be installed. 
 Some of the results from testing may be relevant to institutions that 
teach in a similar format to our School at Charles Darwin University, 
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but may not be to those institutions whose teaching approaches differ 
from this. An experimental situation at one university doesn’t 
automatically transfer directly to other university contexts.  Our School 
has been fortunate to have a sizable number of smart phones in relation 
to our class sizes.  When a personal ownership rate of smart phones 
among students is factored in, the likelihood that students would need 
to share a device is unlikely at our School.  But this of course may not 
be the case for all universities.  Institutions have classes of varying sizes 
and are not equal financially. 
Thesis Outline 
The next chapter (chapter 2) is the Literature review.  This is followed by 
Research Design (chapter 3), which includes both the methodology and general 
design of the research.  Chapter 4 concerns the mobile application (App).  Chapter 5 
is about Analysis & Results and Chapter 6 is Research Conclusions. 
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Chapter 2:  Literature Review 
Structure of the Literature Review 
In order to answer the research questions stated in chapter 1, this review’s 
approach is from three perspectives – where pedagogy and technology meet, mobile 
technology and what it brings to education, and challenges to be addressed when 
seeking to integrate these devices into learning. The first section begins with the 
defining of pedagogy.  Following the definitions is a review on literature that looks at 
developments taking place in educators’ approaches to pedagogy since technology, 
and mobile technology in particular, has become increasingly embedded in curricula.  
Reviewed next are new theories of learning in development that seek to find the 
optimal joining of pedagogy and technology, and what educators are taking into 
consideration when designing for learning in this context. It also looks at what 
approach universities have taken in their adoption of mobile technologies at an 
institutional level.  
The second section includes the actual devices themselves, their popularity, 
affordances and limitations, and their potential future in tertiary education. Following 
this section is a discussion of factors that must be addressed when seeking to 
successfully integrate mobile technologies into learning, including the physical 
devices themselves, students, educators and broader institutional support. The review 
ends with a summary of the topics discussed and highlights of findings that are 
important to the research. 
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Introduction 
The speed of introduction, variety and sheer volume of mobile devices today 
can lead to confusion about exactly what a mobile device is. In today’s context, the 
broad definition of a mobile device is an easily portable computing device that has 
Internet connectivity. A sample range would be laptops, tablets, smart phones, PDAs, 
iPads and iPad Minis, notebooks and Kindles.  
Definition of a mobile device for this study 
It is important at the beginning to establish that not all of these above listed 
devices are under study in this thesis.  While there will at times be discussion about 
mobile devices and technologies in general, the study is primarily focused on smart 
phones, and the actual devices used in the research are gesture-based smart phones 
such as Android phones and iPhones. 
So, a mobile device for the sake of this study is a very specific type of device.  
It doesn’t just have portability, which is a major feature of a mobile device such as a 
laptop.  The definition in this study has been limited to mobile devices that can be 
used while the user is in motion; i.e. while the device itself is mobile (Barton, Biro et 
al., 2012).  A subset of these types of devices is the smart phone.  The smart phone is 
a more sophisticated version of a mobile phone and is generally characterised by its 
added capability of running mobile applications (apps) (ACMA, 2013). The latest 
versions of these phones use touchscreens for user input; hence they are called 
gesture-based smart phones. 
To successfully discover how to integrate these gesture-based smart phones 
into learning environments it is important to identify the teaching approach that 
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offers the best opportunity for this.  Therefore the ensuing section discusses literature 
concerned with pedagogy and it's joining with technology. 
Pedagogy and technology 
An Introduction 
While this study is focused on mobile technologies in education it is important 
to start with a review of general technologies used in education and to use established 
frameworks for their integration as a starting point from which to discover methods 
of integration for mobile technologies.  After all, mobile devices are still a 
technology and the word ‘mobile’ should not be separated from the word 
‘technology’. Therefore this section starts with defining exactly what pedagogy is and 
then how general technologies have influenced changes within learning. It then 
moves on to pedagogy’s impact on technology’s use and conclusions on its 
successful integration into educational settings in response to the question: how 
could these devices be used to successfully support pedagogical aims in our learning 
spaces? 
Pedagogy defined 
I have found that this term is often used and seldom defined.  Cambridge 
Dictionaries Online (2011) defines the word as “the study of the methods and 
activities of teaching”. According to Pears, Seidman et al. (2007, pg. 206) pedagogy 
“deals with the manner in which teaching and learning are managed in order to 
facilitate desired learning outcomes”. In John Loughran’s book, Researching 
Teaching, (1999, pg. 25) the contributor, Max van Manen offers the following 
definition of pedagogy: “The study and practice of actively distinguishing what is 
appropriate from what is less appropriate for young people”.   
 16 Chapter 2: Literature Review 
Beetham and Sharpe go back to the original Greek word from which the term 
has arisen, paidagogos, a slave responsible for guiding children to school, extracting 
from this that pedagogy means guidance of the learner by an educator.   They offer 
their definition as “Guidance to learn: learning in the context of teaching, and 
teaching that has learning as its goal” (Beetham & Sharpe, 2007, pg. 2). 
Beetham and Sharpe extend their definition further than guidance as they 
consider that pedagogy involves a dialogue existing between an educator and a 
student; meaning that the student’s role is not a passive one, but one of actively 
participating in their learning.  Also part of their definition of pedagogy are the 
activities surrounding teaching – what happens in the educator as he or she plans and 
prepares learning activities and how the educator’s knowledge informs the practice of 
teaching – the link between theory and practice. 
The integration of pedagogy and technology 
But pedagogy maybe isn’t as straightforward as it first appears and where 
pedagogy and technology meet in the classroom educators and researchers hold 
differing views about their convergence.  Some hold the view that technology is just 
an add-on or tool that will work with any already established pedagogy. Other 
authors view modern technology and mobile technology in particular, as a cultural or 
social phenomenon that has potential to change established pedagogy. And still 
others think the issue needs to be viewed from an altogether different angle, that of 
the student’s perspective (see discussion below). 
In a study aimed at discovering what pedagogical approach is best suited to 
technological integration in learning, Keengwe, Pearson et al. (2009) assert that 
technology should be seen only as a tool in learning and that pedagogy should 
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determine which tools are used and how are they are integrated. They arrive at the 
conclusion that learning goals coupled with an established pedagogy should define 
the implementation of technology in learning environments.  
Kirkwood and Price (2005; 2012) discuss the integration of general information 
technologies into tertiary learning environments.  They report on a study completed 
over a five-year period involving 80,000 Open University students in the UK, 
concerning the impact and use of technology in their learning. The authors firstly 
suggest that the essence of higher education is changing, with the growth of modern 
communication and of the World Wide Web.  This has given opportunity for a 
blended learning approach to education, where face to face is coupled with 
technology-assisted learning which has led to a more diverse student cohort than 
previously possible.   
The same study also reveals that an evaluation of software development 
projects for use in higher education, carried out by the UK government in the 1990’s 
found that previous research findings and existing pedagogical knowledge had been 
largely ignored by the project participants.  Kirkwood and Price also cite an 
Australian government study which found that it isn’t the technology by itself that 
could improve the quality of a student’s learning, but that a number of factors were 
involved, the most important being the design of the students’ learning experiences, 
showing the importance of pedagogy’s impact on learning.  As a result of this study, 
a recommendation made by Kirkwood and Price is that innovations in delivery and 
use of ICT not be driven by the technology itself but by an understanding of the 
particular pedagogic frameworks that could successfully integrate these technologies 
into an educational framework.  They say this is because the medium (the 
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technology) should not be the central factor in learning but it should be innovatively 
used and productively aligned with successful teaching practice.  Technology is a 
tool to increase learner engagement, but to achieve a successful learning outcome the 
use of the technology must flow from the activities designed to assist students to 
reach that outcome. Julie Meloni (2011, pg. 23) agrees with this and cautions that 
technologies are not a “panacea” (a remedy for all difficulties), and states that an 
educator must still deliver course content that is appropriate and correct, help 
students to achieve the required learning outcomes and also assess students’ work.  
There’s a lot that technology just can’t do.  Pears, Seidman et al. (2007) agree with 
the above opinions and state that the educational approach influences both learning 
outcomes and any techniques used to attain them. 
Diana Laurillard (Laurillard, 2010) holds the view that technology has the 
potential to assist learning in any model of education. She writes that “the effective 
use of technology in any context, however, is primarily dependent on the reflective 
practice of the academy, and its willingness and ability to innovate” (pg. 421). 
There are four views of learning that are discussed in her article: 
1. Learning through instruction – this is where digital technologies emulate 
traditional educational methods, by bringing what had been their disparate sources 
and forms and making them available via a single source, the computer.  This 
includes such things as libraries, books, slides, even laboratories and web-based 
resources also. 
2. Learning through construction – digital technologies are used with the intent 
to increase engagement of the learner through making products from the real world 
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and also to aid the learner to construct their own learning. This would include 
technologies that allow students to set up models of real world systems. 
3. Learning through discussion – the emulation of academic discussion from a 
distance is made viable through such mediums as online discussion forums that are 
both synchronous and asynchronous providing an entry point for remote students to 
participate during lectures and tutorials. 
4. Learning through collaboration – digital technologies enable users who may 
be remote from each other in either space or time to collaborate as part of their 
learning experience broadening a student’s learning community. 
Laurillard recognizes that because technologies have become such a large part 
of people’s lives in general it is inevitable that they will find their way into learning 
environments but she cautions that technology should not lead innovation.  Rather, 
the educator must be aware of what it takes to learn and take an informed approach 
towards the technology to ensure its effectiveness in serving the learner’s needs and 
not be seduced by the allure of the novel. 
Diana Humphries (Humphreys, 2012) believes that “the larger aims of 
education and the practices we use to achieve those aims must be the drivers of our 
priority setting, not the availability of new technologies in and of itself” (pg. 26), that 
students become frustrated when technology is focused on too much in their 
education and that as educators we should be reminded that technologies are just 
tools not educational goals. She asserts that “all our educational practices and 
policies” should be guided by a course’s defined student learning outcomes but she is 
also aware that technology can lie in the middle of a tug-of-war between efficiency 
(and keeping costs down) and helping students achieve these prescribed learning 
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outcomes. Without a clear understanding of this universities can run the risk of using 
technology in a way that doesn’t necessarily promote learning in students. 
Technologies can promote greater efficiency but their use should be one that 
promotes learning in effective ways. We must use “technology to improve the quality 
of the product it provides” (pg. 32). 
Hoppe, Joiner et al. (2003) note that a challenge to the integration of 
technologies into learning environments is “adapting and appropriating the 
technology for learning in a way that is consistent with learning goals and principles” 
(pg. 255).  A point made by the authors is that technology should not drive the roles 
that educators and learners have in learning, or the kinds of activities carried out in a 
class, but that their use should be adapted to the educational setting.  Learning goals 
must come first.  Chan, Roschelle et al. (2006) also say that device capability must be 
paired with appropriate learning theories.  
Yet Beetham and Sharpe (2007) propose that pedagogy needs to be re-thought 
and re-aligned for our digital age.  They argue that as learning contexts change, how 
people learn also changes.  Also Sharples et al. (2007) propose a new theory of 
learning for a mobile society, suggesting that the mobility that technology affords has 
an impact on how people can learn.   
Who is right? Who is wrong?  Is right and wrong the proper way to approach 
these differences?  To help answer these questions I’ve looked at a number of new 
theories of learning that have arisen as a result of the integration of technologies into 
education. 
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New theories of learning 
The integration of technologies into learning has led to the introduction of a 
number of new theories of learning.  These theories centre on technology generally 
and mobile technology in particular. 
Two types of learning have arisen from the embedding of technology in 
education today – E-learning (electronic learning) and M-learning (mobile learning).  
Hoppe et al. (2003) define E-learning as “learning supported by digital electronic 
tools and media” and M-learning as “E-learning using mobile devices and wireless 
transmission” (pg. 255). Cheon, Lee et al. (2011) define E-learning as the use of 
various types of computer technologies to support learning, while they consider M-
learning to be the use of mobile technology which brings with it the unique qualities 
of flexibility of both time and location. Lucy Avraamidou (2008) defines M-learning 
as learning that moves freely and is continuous, without the constraints of locale or 
timeframes, through the assistance of technological devices.  Kristine Peters (Peters, 
2007, pg. 1) agrees that while M-learning may be classed as a sub-set of e-Learning it 
also can be considered to uniquely bring what she terms a “just enough, just in time, 
just for me” approach to learning. Lefoe, Olney et al. (2009) define M-learning as: 
“Personal access to mobile technologies providing learners with opportunities to be 
flexible in the way they collect, store and share information to support their problem 
solving” (pg. 18). 
Peng, Su, et al. (2009) have endeavoured to redefine M-learning in an attempt 
to establish a sound pedagogical framework in which it can find a successful 
existence. Looking historically at the use of technology in education the authors see a 
number of developmental stages.  First there is programmed instruction; this was 
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from the introduction of movies, radio and television into education.  Following on 
from this was computer-assisted instruction with the introduction of computers into 
learning.  After this, with the advent of the World Wide Web, E-learning has become 
a wider part of education; and from E-learning has sprung M-learning. 
Although Peng et al. say that definitions of both E-learning and M-learning are 
in flux, they offer tentative descriptions of both, showing the distinction between the 
two is that M-learning has characteristics not found in E-learning – mobility and 
ubiquity.  The authors offer three categories of definitions for M-learning – 
1. Functionality – the main relevance is viewed through the technology itself 
2. Mobility – the focus is on convenience, expediency and immediacy and the 
ability of the user to utilise small slices of time for learning 
3. Ubiquity - the main feature here is that computing power is available 
anywhere at any time, or more importantly when and where it is needed. 
Peng, Su, et al. (2009) also state that the technology needs to be embedded in a 
framework based on reliable educational theory.  Their study also looks at the 
framework of ubiquitous knowledge construction, a possible design for education 
that successfully integrates mobile technologies.  This framework has three 
components – the mobile learners and their tools, the pedagogical methods employed 
in teaching and the resulting knowledge.  The model has constructivist pedagogy as 
the driving force behind students’ learning and technologies are seen as tools that can 
work not just anywhere but more importantly, these tools through their wide 
availability coupled with their mobility, can be available for use at just the right time.  
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Chapter 14 of Beetham and Sharpe’s book (2007) offers the view of mobile 
learning as a more personalised experience and that learning design for such should 
be adapted to support this type of learning; ‘personalised’ meaning that the context 
can have a number of external variables that impact upon the learner.  Included in 
this are device ownership, informality of the educational setting, movement of the 
learner and physical context. Concurring with the above approach is a definition 
proposed by Sharples, Taylor et al. (2007): “the distinctive aspects of mobile learning 
are its mobility, the informally arranged and distributed participants, and the 
interaction between learning and portable technology” (pg. 229).  
Sharples et al. (2007) also further propose a theory of learning for a mobile 
society suggesting that mobility has an impact on how people learn.  This theory 
places as its central focus learning and the mobility of the learner.  They propose a 
tentative definition of mobile learning as “the processes of coming to know through 
conversations across multiple contexts amongst people and personal interactive 
technologies” (pg. 221). The definition involves not just the mobility of a device but 
the mobility of a learner while using one of these devices. 
There are four principles that underpin this theory – 
1. That learners have the potential to be continually on the move, learning 
across space, and across time. This distinguishes mobile learning from other types of 
learning activities. 
2. The theory encompasses learning that takes place outside of formal settings; 
recognising that any surrounding can be used as an impromptu learning arena. 
3. The theory must be based on current accounts of practice that support 
successful learning.  The authors see this approach as roughly matching a social-
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constructivist approach to learning.  This approach, rather than focusing on the 
individual, provides a framework that views motivation for learning as “socially 
negotiated by the participants in the classroom”. Impetus for learning is seen as 
“inseparable from the instructional process and the classroom environment” (Sivan, 
1986, pg. 209). 
4. The theory must take into account the pervasive use of both personal and 
shared technology. 
The central theme of Sharples et al’s (2007) investigation is not just the learner, 
nor just the technology they use, but the interaction between these and the learning 
context that results in learning and a number of claims lie at the centre of their 
definition of mobile learning: 
 That conversation or exchange is an energizing process in learning – 
with oneself, others and the external world (which includes technology). 
 That context of learning must be recognised.  This includes the external 
surroundings and the temporary environment created through the 
interaction.  Also, context is never static. 
 That technology plays a part in this learning. 
The authors recognise that the theory has its shortcomings, notably a need to 
forefront the importance of what makes a learning activity valuable, and the role of 
the educator, but they see that mobile learning offers support to learning that could 
bridge the gap between formal classes and a learner’s everyday life. 
A different approach to the issue of pedagogy joined with technology comes 
from Goodyear and Ellis (2008).  Their writing stresses the importance of 
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approaching learning from a student’s perception of learning.  This learning 
experience is concerned with both the learning environment and technology used.  It 
also challenges a mind-set among educators who might focus on comparing the old 
to the new and seeing the old as obsolete, to be replaced by the new.  Instead they 
argue that the new should be integrated with what already is in place.  Another 
important point that is made by Goodyear and Ellis is that we must be careful to not 
oversimplify the issue of technology integration.  The danger of oversimplification is 
that important factors and influences within a learning context may be downplayed or 
entirely left out in the reduction process.  It may be that the answer to a query is not a 
simple result and that comparisons between established teaching practices and new 
theories of learning aren’t so straightforward.  They also don’t see replacement of 
existing theories as a solution to technology’s use in education but rather that it is 
important to recognise outside influences that are at play in learning.  
They note four ways in which undue simplification can occur when comparing 
established practices to newer ones – 
1. The nature of the intervention and a student’s contribution to it.  
Success can often be accredited to the new technology without 
accounting for what transpires in a student’s involvement in using this 
technology. 
2. It isn’t intrinsically clear what exactly should be measured in order to 
judge the level of success or failure of a technology’s inclusion in 
learning.  Influencing factors within a class setting can be either unseen 
or even unknown to the educator and these can influence any research 
observations or findings.  What exactly should be measured in the 
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comparison and how, in educational evaluation is generally classified as 
a) in vivo (studies in natural settings) and b) in vitro (studies where 
settings are artificially created or controlled).  It is generally better to 
measure for results via a number of avenues as this will reduce 
oversimplification of outcomes. 
3. The relationship between evidence and practice: Sometimes because of 
outside influences or pressures, educational practice within a class has 
been forced to change to accommodate a new technology before it is 
understood how best to undertake the integration.  This is a case of 
putting the cart before the horse, but a change in educational practice 
can often precede the arrival of solid evidence supporting the change as 
a result of outside influences such as administrative constraints, 
government initiatives or sponsor decisions.  These agencies can all 
bring pressure to bear on educators to use technology and not all of 
these are directly concerned with the successful education of the 
student. 
4. Students are both participants in innovation and receivers of education.  
Because of this we should be careful in making sweeping assumptions 
about the confidence or abilities of our students and be aware that they 
are many times taking their cue from educators.  It is important to note 
that if a student perceives a technology to genuinely assist them in their 
learning they are generally willing to adopt it. 
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Goodyear and Ellis also caution that a student’s actual act of learning is 
complex and that technological intervention is dependent on a number of factors that 
can influence a learning outcome: 
 The tasks set before the student 
 Class relationships (both student to student and student to educator) 
 How the student perceives the relevance of the intervention to their 
learning 
 And does the student see a connection between this technological 
intervention and the successful completion of assessment requirements. 
When looking at how students perform in an educational setting Goodyear and 
Ellis see a compromise occurring between what the student sees as important and 
what they see as the demands or expectations of the higher educational institution.  
They, like Beetham and Sharpe (2007) and Sharples et al. (2007), caution against 
seeing technology just as a simple add-on to education.  They also argue that a more 
student-centred approach to learning should be adopted in which the complexity of 
the interactions between student, educator, technology, administrators, governments, 
and sponsors should be recognised when analysing and designing for learning. 
Pedagogy – which approach? 
So what approach to pedagogy seems to be the one that is best suited to the 
integration of a student’s use of technology into the learning environment?  One 
approach is that based on Constructivist Theory.  This theory asserts that knowledge 
is created through what is termed active or immersive learning.  It is “a paradigm or 
worldview which posits that learning is an active, constructive process. The learner is 
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an information constructor. People actively construct or create their own subjective 
representations of objective reality. New information is linked to prior knowledge, 
thus mental representations are subjective” (Learning Theories Knowledgebase, 
2011). Another definition of Constructivist Theory is that “learning is an individual 
experience, wherein each individual builds or constructs his or her own idea or 
meaning of concepts or events, based on current and past experience” (Sullivan, 
2009, pg. 106). This is the theory upon which Peng et al. (2009) base their definition 
of M-learning.   
Keengwe, Onchari, et al. (2009) also view the pedagogies that enable the best 
approach in the use of mobile devices are those that are influenced by the 
constructivist theory, encouraging active learning and learning by doing.  They see 
this style of learning as providing a framework for student enquiry and collaboration, 
encouraging active involvement from the learner in his or her learning process.  
Regarding the integration of technology, the comment is made by the authors that the 
“power of technology to support learning lies not so much in the technology as in 
what teachers do with the available technologies” (pg. 17).  They believe that this is 
very important to grasp as just the presence and use of technology may not improve 
learning.  It’s the successful integration of it into the learning environment that brings 
a potential benefit to a learner. 
Lefoe, Olney, et al. (2009) support a social-constructivist approach towards 
integrating mobile technologies into learning.  This approach “considers learning as 
an active process of building knowledge and skills within a supportive group or 
community” (pg. 17). They propose that newer theories of learning which are more 
student-centric offer greater potential for gain to a learner using mobile devices than 
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if these devices were used with more traditional approaches to education that are 
more teacher-centric. An argument that they put forward is that just the provision of 
these mobile devices as learning tools is not enough to ensure that student learning 
outcomes improve. The devices must be used by educators who have adjusted 
pedagogical practice to successfully accommodate these tools. 
According to Kirkwood and Price (2011) well-informed teaching practice is 
what should drive all decisions around integration of technologies into learning. They 
also don’t consider the link between pedagogy and technology to be inseparable.  
And it is quite possible that one can change and the other remains unchanged.  An 
educator’s approach to teaching may change while the assisting technologies remain 
the same; or vice versa, new technologies may be introduced but an educator can 
choose to maintain the same method of teaching.  This can also be the case for a 
learner. What they have found through a number of years of research in this area is 
that “technologies are much more likely to enhance the learning experience when 
higher education teachers do not accept a technologically deterministic view of the 
process.  Instead they need to recognize the centrality of their role in devising and 
designing activities to promote learning and to use technologies in ways that enable 
students to achieve desired educational ends”. (Kirkwood and Price 2011, pg. 3) 
In response to a tendency on the part of researchers to focus primarily on the 
role that technology could play in education with the assumption that it has the power 
within itself to improve student learning, Kirkwood and Price (2013, pg. 2) stress that 
a more appropriate question to be asking is "How can we design technology that 
enhances learning, and how can we measure that enhancement?" They consider that 
technology correctly integrated with suitable teaching practice can enable new forms 
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of learning and teaching to take place, but that it shouldn't be taken for granted that 
the integration of technology with pedagogy will result in enhanced learning. 
 
Mobile devices in learning 
Avraamidou (2008) raises a number of questions concerning the use of mobile 
devices in learning contexts – how do students actually use these devices and what 
are the processes that actually take place in the user of these devices?  Though there 
are claims of the success of these devices in learning, Avraamidou is concerned 
particularly by three areas of research that are needed to show how these technologies 
support learning – 
1. Clarification of the underpinning theory in the design frameworks 
associated with mobile learning 
2. Description of pedagogical practices that would make best use of 
mobile devices 
3. An understanding of the processes that students work through when 
using these devices in learning. 
She is also concerned about the aspects of learning that are not yet well 
addressed in research such as how hand-held devices actually support the 
understanding of complex concepts, critical thinking or problem-solving. 
Mirroring this concern are the results of research and innovation that have 
taken  place at the City University of Hong Kong (CityU) focused on the impact that 
use of  mobile devices has on students’ learning (Vogel et al., 2009). The researchers 
found that mobile devices, because of their instant access, physical closeness and 
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often-continual connectivity to outside communications, have the opportunity to 
increase accessibility to learning environments.  Yet they discovered also that 
although from the learner’s perspective they are useful for their convenience, the 
learner doesn’t necessarily associate these devices with learning. 
Installed on the devices at CityU were a number of applications designed to 
assist learning.  One of these applications was called Tatoes, a quiz application that 
gives detailed immediate feedback on responses to the quiz questions.  Students who 
made use of this quiz application on these mobile devices performed better 
academically than their peers who didn’t use the applications.  But a concern has 
remained that the use of the applications hasn’t encouraged deep learning in students.   
Vogel et al., (2009) also found that use of the devices diminished as the 
semester progressed.  The source of this diminishment of use was found to lie in a 
number of areas, not all in the students’ control.  These issues ranged from technical 
issues, student time management, individual application design, course shortcomings, 
and non-commitment of teaching staff and limited support from the wider institution, 
which may be common across educational institutions in general and therefore 
relevant. The authors also discussed single-loop and double-loop learning, where 
single-loop learning is by nature a more shallow close-ended approach and double-
loop learning is a result of reflection on what is learnt.  Single loop learning is 
characterized by the student using the device for a finite task and that particular 
interaction not opening up and encouraging an opportunity for the student to 
understand how they learnt or not providing access to further learning, a 
characteristic of double-loop learning, which is a preferred outcome. 
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Information also presented in the above-mentioned study was that when using a 
mobile device there is a space, not a fixed place, in which the student is central and 
can either accept or reject outside connectivity. This is important and should be 
remembered along with knowing that most interactions between the learner and a 
mobile device are short in time duration (Peng, Su, et al., 2009).  A possible help in 
this area may lie in what Kukulska-Hulme (2010) suggests.  She proposes looking 
first at how learners are already using these mobile technologies (outside learning 
environments) to see if there is a bridge that can be spanned between these usage 
traits and the traits that are seen as necessary in a 21
st
 century learner.  If the learner is 
truly to be at the centre of the learning, then educators need to find out what their 
current usage practices are with mobile devices and either build on to them or 
channel them in an educational direction. 
Kukulska-Hulme (2008, pg. 396) also investigated usability issues associated 
with the use of mobile devices in learning, with the desire to help both teachers and 
learners maximise the assistance that these devices can provide to learning.  She is 
concerned that while attention is centred on the technology itself, the place of human 
interaction is not given the focus that it needs. Also to be taken into account, she 
believes, should be the “rich context” in which learning can take place with the aid of 
a mobile device.  This context can include people, spaces and physical tools in use.  
It’s an oversimplification to look just at the user, separated from all other players 
within the learning context.  Kukulska-Hulme also notes that the mobility of these 
devices means that the learner will often be mobile while using one and that this can 
impact on how the learner can learn; for example it may be in small bites, unlike a 
learner in a fixed position.  So when designing resources for educational use on such 
devices the educator should take context into consideration. 
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Highlights of important findings 
The research direction as stated at the beginning of this thesis was to find out 
what has been discovered already about using technologies and mobile technologies 
in particular, in learning.  Then from these writings to find out what are the 
advantages, constraints and cautions that if followed, would result in the best 
approach to the devices’ integration into Information Technology units that I 
currently teach. The literature has shown that their successful assistance to learning 
and particularly to a student’s understanding of learning is not automatic.  Found in 
the works discussed are a number of discoveries that could be helpful when wishing 
to integrate mobile technology in learning designs.   
Researchers have approached the integration of mobile devices in learning 
environments from a number of different perspectives, but they are all in agreement 
that the integration should be based on sound pedagogical practice.  Their views 
range from pedagogy being the foremost consideration regardless of the type of 
technology to the proposition that mobile technology integration should cause 
educators to take a new approach to pedagogy itself.  Some educators have even 
proposed new theories of learning that they consider will integrate technology and 
pedagogy more successfully.  They view the relationship between pedagogy and 
technology as having an impact on the successful integration of technology into a 
learning environment.  We readily talk of manipulating technology as a means to an 
end, but there is a move across the education sector to bring pedagogy into alignment 
with 21
st
 century culture.  Yet, even while this is happening, we should take note of 
the word of caution against over-simplifying an issue through narrow comparison.  
The answer may be closer to a blending of all sides of the argument as the context in 
which learning takes place for a student is generally more complex than is at first 
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apparent.  What is apparent from the literature is that there are educators and 
researchers who are developing new theories of learning that they hope will prove 
successful with the integration of new technologies into learning environments.   
But this isn’t the whole story and especially where mobile technologies are 
concerned the issues of acceptance, adoption and integration must happen at an 
institutional level in order for integration to be successful long-term at class level. So 
if mobile technologies are a viable assistance to learning when integrated into 
students’ learning, how are universities currently accepting these new mobile 
technologies?  Are they seen as important and have they been adopted as learning 
aids? 
The adoption of these devices by tertiary institutions 
In the 2010 Horizon Report: Australia – New Zealand Edition, produced in 
collaboration between the New Media Consortium and the EDUCAUSE Learning 
Initiative, an EDUCAUSE program, Johnson, Smith et al. (2010) identified and 
discussed emerging technologies or practices that will have an impact on teaching 
and learning in Higher Education in these countries within the next five years.  The 
report focused on what research has found to be the six emerging technologies or 
practices expected to have the greatest impact on tertiary education. In the 2010 
report, the six trends ranked in order of perceived impact are electronic books, 
mobiles, augmented reality, open content, gesture-based computing and visual data 
analysis. All of these technologies are relevant in the realm of mobile technologies, 
but this research is particularly interested in electronic books, mobile devices and 
gesture-based computing. 
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Electronic books    
This technology is attractive firstly because it’s often cheaper than a heavy 
textbook and always more portable.  And many academic book titles and scholarly 
journals are now appearing in digital format; although there are still some restrictions 
in place because of Digital Rights Management technologies which control access to 
these books. But electronic books also offer the reader an experience that printed 
books can’t match – the possibility of interactivity, and audio-visual and social 
elements, which could be utilised to engage the student and assist learning. 
Mobiles     
The report sees the real power of mobile devices lying in their ability to 
connect to the Internet through a cellular network, making them less dependent on 
location than desktops machine or laptops.  They are also cheaper.  It cites examples 
of tertiary institutions that have successfully integrated these devices into class 
activities or used them to provide access to resources.  Affordances that mobiles can 
offer to education are their ubiquity, portability, diversity of use and access to the 
Internet almost anywhere.  The report also cites another report, ‘Beyond the Yellow 
Brick Road’ (Cochrane, 2011), which connects the use of these devices to a 
constructivist approach to learning. 
Gesture-based computing   
Part of the attraction of devices that use gesture-based motions is that they are 
intuitively easy to use to a new user; this is the result of a gradual shift in interface 
design that is moving towards natural human movements.  These devices are more 
natural and ergonomic than traditional computing devices.  All this lends itself to the 
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user feeling more in control and for teaching it can provide an affordance that allows 
for more realistic simulations in learning activities. 
According to Engebretson (2010) just over 50% of American undergraduate 
students owned an internet-capable hand-held device in 2009.  And universities 
around the world are developing applications for mobile platforms.  Kayvon 
Beykpour is vice president for Blackboard Mobile, a subsidiary of Blackboard Inc, a 
course management software provider serving many universities around the world.  
Blackboard Mobile offers a suite of Blackboard and associated applications and the 
company now targets mobile device platforms. Beykpour states, “every campus is 
considering a mobile strategy.  It’s not a question of if but when and how.” 
(Engebretson 2010, pg. 38) 
Technology Outlook: Australian Tertiary Education 2012 – 2017: An NMC 
Horizon Report Regional Analysis is the result of collaboration between the New 
Media Consortium and Griffith University. It is a report aimed at discovering 
significant developments and changes in technologies that support tertiary education 
in Australia. Mobile apps
2
 come in at number three in their list of 10 most influential 
technologies in higher education within the next 5 years (Bonig 2011; Johnson, 
Adams et al., 2012).  Their impact is already here and their major relevance within 
universities is considered to be within three areas: 
“[1] As interactive and social features become more integrated into mobile 
apps, learners can share their findings on topics, making the app an ever-growing 
repository of information. 
                                                 
 
2
 A mobile app is an application that runs on a mobile device. 
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[2] Many disciplines now have mobile apps dedicated to deeper exploration of 
specific subjects, from the periodic table to art movements. 
[3] Mobile apps facilitate content creation, through the use of cameras, 
microphones, and other sensors and tools that are inherent in many smartphones.” 
(Bonig, 2011) 
The report also listed Natural User Interfaces as a technology that will have 
definite impact on university education within the next four to five years.  Gesture-
based mobile devices such as iPhones and Android smart phones are an early 
example of this and the technologies that power these devices are being further 
developed to diminish interaction barriers between people and devices and make 
their use even more intuitive. 
Mobile Learning Initiatives in universities 
Universities around the world are developing institution wide mobile learning 
initiatives because they have seen both the advantages and popularity of these 
devices.  The development of such university wide policies is an important step in the 
integration of these devices into our learning environments.  This can contribute to an 
educationally sound approach to integration and also provide necessary research  and 
infrastructure in order to ensure a smooth and genuinely useful assimilation of mobile 
technologies into learning and also ensure long-term maintainability. 
In 2008, Abilene Christian University (ACU) in Texas launched what has 
developed into an exemplar  mobile learning initiative, called ACU Connect 
(McKiernan, 2011). Administrative and learning resources were made available on 
smart phones and iPods which were issued to all incoming students in 2008 and also 
each ensuing year’s new-entry cohort after that. When analysing their studies over a 
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period of more than 3 years, ACU has reported a number of findings concerning the 
adoption of mobile devices into university learning (Bonig, 2011): 
 Schools need centralized support for the devices from the university’s 
IT services division. This frees the educators from distraction with 
technical issues that surround the introduction of any new technology. 
 No experiment was a failure as something important was always 
learned and this often contributed to the success of future experiments. 
 What is learned about the pedagogical uses of the devices needs to be 
separated from any specific device itself so that these uses may be 
applied to any future devices. 
 University faculty reported an increase in student engagement when 
they used the devices in classes. 
Although ACU’s initial uptake of the devices has been centred on the iPhone 
and iPod, both of which run on the iOS platform, they have developed their software 
based on a browser platform making it possible to switch to another mobile platform 
in the future if they wished to (Engebretson, 2010). Also, 78% of staff and 89% of 
students found the introduction of the devices into the curriculum to be successful 
(Barnes and Herring, 2013).  
Loyola University Chicago has chosen this same option for the development of 
a suite of university-wide online resources for students. The university developed a 
single app that would provide both student services and learning tools specifically for 
mobile device access.  Their approach was to “develop a device-independent mobile 
offering that would allow any device with web-browsing capability to access the 
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service without changing the device’s configuration settings or having to download 
additional software or plug-ins to run the app.  We believed this approach would be 
faster, easier, and less resource-intensive than developing and maintaining native 
apps for each device.” They developed for what they termed “the lowest common 
denominator” on all mobile devices – the Web, as all mobile devices today come 
with a web browser.  All basic content has been made available across three popular 
platforms, iOS, Android and BlackBerry. The apps were then enhanced for devices 
that had more advanced capabilities.  So the final apps when released appeared to be 
fully native but were instead a combination of web content and native functionality 
(Malisch and Montes, 2011). 
Of course not all universities have the funds to provide incoming cohorts with 
similar mobile devices to use in their study, and that probably isn’t an aim of most; 
but tertiary institutions in general are moving towards accommodating these devices 
for both staff and students. 
University of Maryland (UMD), Washington also began a Mobility Initiative in 
2008 (University of Maryland, 2012). This pilot program was established to 
determine whether mobile devices such as smart phones and iPods could improve 
students’ educational experiences. Building on the success of the first year’s 
inclusion, the university has progressively introduced new opportunities for 
integration of these devices into students’ education. During the pilot program’s 
duration the university has limited the platform support to Apple’s iOS devices. The 
goals of the pilot program are to: 
 Enhance the classroom learning experience 
 Promote interaction between faculty and students 
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 Provide students with a tool to help them manage their time and 
navigate the physical and administrative environments on campus 
 Enhance the personal safety of our students 
 Promote the university's world class status through innovation and 
technology 
In 2012, Charles Darwin University also released a mobile initiative, named 
CDU Mobile, in response to the university community’s demand for the convenience 
and accessibility that mobile devices could offer.  The university has also taken a 
Web-based approach in its development of the CDU Mobile App which contains a 
suite of university-wide online resources for students and staff that includes both 
administrative and learning resources (Charles Darwin University, n.d.). 
Educators have been assimilating mobile devices into learning environments 
and university administrations have begun providing resources and infrastructure to 
enable students to access administrative and learning resources via their mobile 
phones.  But what is it about these mobile devices, and smart phones in particular, 
that attracted so much attention in the first place?  How popular are they generally, 
and what is their popularity among our student populations? What exactly are their 
capabilities and how do they differ from more traditional computing devices?  These 
questions are discussed in the following section.  
Mobile Devices  
Their growth in popularity 
According to statistics gathered by International Telecommunication Union 
(ITU), a United Nations agency for information and communication technology 
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matters, the number of mobile cellular subscriptions world-wide had grown from 
33.9 per 100 inhabitants in 2005 to 76.2 per 100 in 2010. In developed countries 
subscriptions were 116.1 per 100 inhabitants. By the end of 2011, worldwide 
subscriptions were 85.7 per 100 inhabitants and 122.3 per 100 for developed nations 
(ITU, n.d.).  This certainly shows that general mobile device ownership is both 
common and increasing around the world.   
As for smart phones, according to the Australian Communications & Media 
Authority (ACMA) there is agreement among analysts that worldwide ownership has 
exceeded one billion. Ownership rates for smart phones among Australia’s adult 
population was 25% in June 2011, rising to 49% by May 2012; also in the same 
month of 2012, there were an estimated total of 8.67 million smart phone users 
within our country (ACMA, 2013).   
The Australian Interactive Media Industry Association (AIMIA) Mobile 
Industry Group conducts a yearly survey among mobile phone owners in Australia. In 
their 2009 report, major brand ownership among respondents was Nokia (47%), Sony 
Ericsson (12%), and Samsung (11%). In the same year, the iPhone appeared for the 
first time and Apple took 9% of the market. AIMIA's 2010 report shows the 
following ownership percentages - Nokia (41%), Apple (21%), Samsung (12%), 
Sony Ericsson (9%), LG (6%), Motorola (3%) and Blackberry (3%) (Mackay et al., 
2009; Mackay et al., 2010; Mackay et al., 2011). By 2012, ownership of the most 
popular brands in Australia 2012 was: Apple 40%, Samsung 18%, Nokia 16%, HTC 
11% (Mackay & Weidlich, 2012). 
From 2011 AIMIA included more specific questions about smart phone 
ownership and usage and they reported that 67% of survey respondents owned a 
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smart phone. By 2012 this had risen to 76%.  Respondents were also asked if they 
intended to purchase a smart phone in the near future.  Responses showed that by the 
end of 2012, 80% of respondents would have ownership of such a device.  By mid-
2013 this percentage is projected to be 84%, showing that ownership of smart phones 
is still on the rise and has already far exceeded ownership of older style mobile 
phones (Mackay & Weidlich, 2012). 
The 2010 AIMIA report also found that 83% of respondents used their mobile 
phone for a purpose other than voice and SMS (text messaging) and 41% said they 
had downloaded and installed an application on their mobile phone.  Owners were 
also using their phones to access information services such as weather (45%), news 
(42%), maps/location/traffic (41%), sports (31%), movies (30%), restaurants/cafes 
(27%), financial (22%) and TV guides (21%) (Mackay & Weidlich, 2011). People 
who own smart phones are even more likely to use their devices for internet access 
and data usage than those who own a more traditional mobile phone.  In 2013, the 
ACMA released the following comparisons between owners of traditional mobile 
phones and those who owned smart phones (ACMA 2013).  Smart phone users are: 
 nine times more likely to go online via their handsets 
 four times more likely to purchase goods online 
 three times more likely to stream or download audio or video content 
 three times more likely to pay bills online 
 twice as likely to access social networking sites. 
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Growth in popularity among tertiary students 
So it is obvious that mobile phones, and smart phones in particular, are very 
popular in general but they are also increasingly common among tertiary student 
populations.  In 2010, the Colorado University – Boulder's School of Journalism & 
Mass Communication carried out a survey involving student populations across a 
number of universities in the US. They found that 53% of students owned a smart 
phone and 47% owned a feature phone. The study also found that among the varieties 
of smartphones used by students the iPhone was the most common (40% of those 
surveyed), followed by the RIM Blackberry (26%), Android operating system based 
phones (26%), Windows based phones (8%) and Palm based phones (4%), reflecting 
similar ownership patterns to the general population (Dean, 2010). 
The ECAR Study of Undergraduate Students and Information Technology 
2012, canvassed more than 100,000 tertiary students from 184 United States 
institutions and 11 international institutions from around the world.  It reported that 
in 2011 55% of students owned a smart phone and 31% used their phone for 
academic purposes.  Ownership among students increased to 62% by 2012, with 67% 
using their phones for academic purposes (Dahlstrom, 2012).  Academic usage had 
more than doubled within the space of a year.  
But does their use in academic settings offer our students any benefits and can 
these devices help them academically or help increase student engagement?  And 
what is it about these smart phones that contributes to their popularity?  Does the fact 
that the device is mobile really make any difference? What are the characteristics of 
these phones that set them apart from other computing devices? These queries are 
addressed by this literature review under the following question: What benefits are 
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there for students both academic and engagement wise when these devices are 
included in their learning? 
What mobile devices bring to learning 
One of their key characteristics is that they provide users with computing 
mobility, and their mobility differs from that afforded by laptops and notebooks.  
Because of their longer battery life when compared to laptops and notebooks, the 
user’s mobility is more sustained (Moltzen, 2010). This difference is also true for the 
size and weight of the devices.  A smartphone is smaller and much lighter than a 
laptop or notebook, being small enough and light enough to carry in a pocket and 
therefore be taken almost anywhere.  Moltzen also lists other advantages that these 
devices have to offer: geo-location or presence awareness, always-on access, 3G 
connectivity, Wi-Fi capability, orientation awareness (the device knows when it's 
been tilted), high definition screen resolution, and camera and video capabilities.  
Some of these features are also found in larger devices but because of a smart 
phone’s greatly increased mobility they take on new meaning.  Geo-location for 
instance: the geographic location of the device can be constantly updated as the smart 
phone is moved from place to place by use of a GPS system within the device, 
enabling the phone to be used as a navigation assistant during travel and as a learning 
tool outside of a classroom (Ionescu, 2010; Kukulska-Hulme, 2010).  
Coupled with the device’s geo-location capabilities is what is termed context-
awareness.  This is where an app on such a device can respond to the device being in 
a particular location based on either a pre-defined setting within the app or the device 
user’s past interaction with the app.  This can be particularly helpful for students who 
are participating in field work or group activities as the device can respond to either 
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its location or the nearness of other participants using similar devices, enabling a 
richer learning environment for students and the possible adaptation of learning focus 
or resources according to changes in environment (Kukulska-Hulme, 2010). 
Smart phones have access to a cellular network, not just for making and 
receiving phone calls and text messages, but they also have access to a cellular data 
network which provides internet connectivity even when the device is out of range of 
a wireless network. This enables students to have access to learning resources and 
tools, educators and other learners when they are not present in a classroom or even 
on campus, and while the students themselves are actually mobile. 
Traxler (2010) also mentions that mobile devices allow users to capture and 
store knowledge in ways that require considerably less effort than earlier computing 
devices.  A smart phone can capture an image, sound or data, edit this, email it 
someone, upload it to a learning forum, send it to a printer, attach it to a text message 
or share on a social network site; and this can all be done in the space of a few 
seconds without the need for anything more than a wireless network or cellular data 
connection. Knowledge resources are also delivered through these devices in ways 
very different from traditional mediums.  These resources are often presented in 
smaller portions, with elaborate interconnections that older technologies weren’t 
capable of achieving. 
Installing and updating software on many of these devices can often be 
achieved directly from the device.   On devices running the iOS platform (Apple’s 
mobile devices), app installations and operating system updates are achieved via the 
App Store directly from the device, and notifications of available updates are shown 
on the Settings icon on the home screen of the device (Apple, n.d.).  The device’s 
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operating system can also be updated without connection to any external device. This 
means that keeping installed software up-to-date is a simple task requiring nothing 
more than a telecommunications (cellular data) or wireless internet connection.  The 
Apple devices are designed also for linkage to an iTunes application running on a 
computer.  This application can hold a mirror image of all applications and files held 
on the iOS devices and the device's iOS platform itself can also be updated when the 
device is connected to iTunes (Wentk, 2010).   Blackberry also has similar 
capabilities built into the device and has an online store called Blackberry App World 
(RIM, n.d.).  Then there is Windows Marketplace for phones using the Windows 
Mobile platform (Microsoft Corp, n.d.) and Google Play for those devices running 
the Android operating system (Google, n.d.).  iOS, Blackberry, Windows Mobile and 
Android aren't the only platforms that mobile devices run on but are included here as 
examples because they are very popular platforms. 
Price is another advantage that mobile devices have over laptops and personal 
computers because they are generally cheaper to purchase.  A smart phone running 
the Android operating system can be bought for as little as $100.00
3
 which is 
considerably cheaper than an inexpensive laptop.  
Most mobile devices operate in a similar manner today, making it easier for a 
new user to quickly become proficient in using one.  Conventions such as single tap, 
double tap, left or right swipe, pinch and zoom are common gestures across devices 
and platforms. App icons laid out in rows across or down a screen and multiple 
screens that can be navigated by a single finger swipe or scroll are also common 
                                                 
 
3
 This price is based on data available December 2014 and the phone is available online from: 
http://www.dicksmith.com.au/mobiles-wireless/unlocked-smart-phones?dir=asc&order=price 
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among these devices.  Many of them also ship with very similar default apps: Phone, 
Mail, Contacts, Camera, Music, Settings, Maps and a market place app for purchase 
of new apps are probably the more familiar ones. 
Unlike a desktop or laptop machine that must be started up or logged onto, a 
smart phone’s functionality is immediately accessible because it remains in standby 
mode until the user activates it.  This always-on feature makes these devices ideal as 
an instant gateway to information and learning tools. Combine this immediate access 
with the device’s easy portability and resulting usage capabilities and habits are very 
different from those associated with the traditional personal computer or even a 
laptop. 
Students often have their own smart phones and bring them to classes. The 
EDUCAUSE Mobile IT in Higher Education 2011 Report states: “students come to 
campus today with consumer devices and consumer expectations, and, having 
embraced the convenience and utility of mobile devices in their non-academic lives, 
they want and expect mobile computing to play a similar role in their learning” 
(Dobbin, Arroway et al., 2011). The report also found that thirty per cent of students 
view these devices as important factors of their academic success; and students are 
already using their smart phones for educational purposes. As far back as 2011, the 
ECAR National Study of Undergraduate Students and Information Technology report 
found that 66% of students were using their smart phones to email lecturers, 62% 
check grades, 45% used them during class times to access information on the 
internet, and 57% used their smart phones to email other students regarding study 
(Dahlstrom, de Boor et al., 2012). 
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Smart phones have a natural user interface and this means that the way in 
which a user interacts with the screen of a gesture-based smart phone is also very 
different from the more traditional PC or laptop.  Users have direct contact with the 
device just by using their finger tips on the touch screen, eliminating the need for 
peripherals such as a keyboard, a mouse etc., although a stylus pen can be used as a 
substitute for direct manipulation. The device is complete in itself and this adds to its 
portability and ease of access. 
Technology Outlook: Australian Tertiary Education (2012-2017) by the New 
Media Consortium and Griffith University reported that devices with natural user 
interfaces are one of the 10 top technological innovations to impact on Australian 
tertiary education within the next 5 years (Johnson, Adams et al., 2012).  Smart 
phones which, as stated above fall within this category, have brought this type of 
technology to people’s everyday lives.  Interactions are natural human gestures: 
tapping, swiping, pinching, body movements (for apps that make use of the 
gyroscope and accelerometer), natural language (e.g. iPhone’s SIRI4 for using voice 
to dial phone numbers).   Android now also has comparable apps that perform similar 
voice responsive functions, for example Vlingo (Vlingo Corp, n.d.).  Johnson, 
Adams et al. (2012) write of three important aspects of these natural user interfaces 
that are relevant to learning: 
1. They allow for quite precise manipulations of a device without having to 
use either a keyboard or mouse 
2. They facilitate a connection between a user’s voice, movement and 
thoughts which is important for students whose learning style is more 
kinetic.  
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3. They assist disabled people in their use of technologies; for example 
Apple’s standard screen reader Voice Over is also available on iPhone and 
iPad. 
While this technology has also been adopted to some degree by desktop 
machines, those machines still lack the initial naturalness that small hand-held 
devices have: for the mobile device the user is not tied to the device and the device is 
generally not central to the user’s attention, freeing the user to focus on other tasks. 
Chan, Roschelle et al. (2006) give six learning affordances of mobile 
technologies: portability, social interactivity, individuality, context sensitivity, 
connectivity and bridging the physical and digital worlds. 
1. A device’s portability can be an aid to learning because mobile devices 
allow for a user’s movement within a learning space and outside its 
boundaries, and an Internet connection can be expanded beyond the 
limits of the classroom to the limits of a wireless network. 
2. These devices can support students during group work, via peer-to-peer 
communication, exchange of data between devices and also 
collaboration via the devices. 
3. Because the devices are designed to be customized for an individual 
user they can add support to a student’s unique approach to enquiry. 
4. They can support context sensitivity (context awareness) and a student’s 
usage history can be logged and later measured and used in the design 
of collaborative learning systems and also used for predictive responses 
to user interaction. 
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 SIRI is an iOS app that responds to voice commands. URL: http://www.apple.com/au/ios/siri/ 
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5. They can supply connectivity between each device such that data can be 
retrieved from them collectively. 
6. They can capture real-time context-based data (e.g. on users, devices, 
locations). 
It’s obvious that today’s mobile technologies have enormous potential.  
Combine their capabilities with sound pedagogical practice and support at an 
institutional level and it would seem that their integration would be smooth sailing. 
Yet, there are obstacles to be overcome, challenges to be addressed and complexities 
to be understood when seeking successful, long-term integration.  These issues are 
investigated in the following section in response to the research question: what are 
the challenges that must be addressed when including these devices in our learning 
spaces? 
 
Challenges to integration 
The first challenge to integration concerns the devices themselves. Smart 
phones are not designed expressly for an educational context and are what is termed a 
‘personal device’: made to be customized for use by a single person. They have been 
developed for an individual’s lifestyle not as a learning tool (Traxler, 2010; Cheon, 
Lee at al., 2012). Therefore leverage of the devices for educational purposes requires 
possible adaptation of both the devices and teaching practices. Secondly, (Bewley, 
2010) outlines a number of contributing factors that may interact to impact on the 
effectiveness of the introduction of a new technology into a learning environment: 
the background of the educator, the educator’s teaching philosophy, and any prior 
training and experience in use of the devices and the educator’s knowledge and skill 
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in implementing the devices into a learning environment.  He also includes the 
unique and diverse characteristics of the student cohort, including prior experience 
and expertise in using the devices and the support of the institution at large.  Lastly, 
and especially for successful long-term integration, the role that the School or tertiary 
institution at large plays should be recognised. So there are four agents that must 
successfully interact here to produce an effective integration: the devices, educators, 
students and the institution. 
The devices 
Personalisation 
When comparing these devices to desktop machines what becomes apparent is 
their diversity. What we see is “consumer choice favouring divergence, individuality 
and constant innovation coupled with device design and manufacture targeted at 
niches and an architecture based on dedicated closed boxes” (Traxler, 2010, pg. 150).  
Such variance among the devices of course can present difficulties when seeking to 
utilize something so heterogeneous into a class’s curriculum where a certain level of 
homogeneity is preferred.  Integration is easier if the institution owns the devices 
because there is more control, but this control is lost if students bring their own 
devices to learning. If integration of personal devices into learning is the goal here we 
must accept the inevitability of variety and work around this. Because the devices are 
designed with a single user in mind, encouraging students to use their own devices 
may be more beneficial to their learning. 
Limited functionality 
A primary advantage of the smallness of a smart phone is the user being able to 
carry it with him or her almost anywhere and it is truly amazing what can be achieved 
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using such a small device. Yet this smallness comes at a price because these devices 
still don't offer users the full range of functionality that a laptop or desktop computer 
does.  For example, not all have USB connection, they are too small for CD or DVD 
drives and the user only has a single screen to work with.  
Smallness of size 
Another price paid for mobility is smallness of screen size (Moltzen, 2010).  
This is an important aspect of these devices.  While their small size is what enables 
them to be so portable, it also means that the size of the viewing port is limited.  This 
has a far reaching impact on what they can be used for.  Although they have 
keyboards, the actual keys are very small and some users have difficulty with this; 
and any text and images are also proportionately smaller because of the size of the 
screen.  This also can be a barrier for people who have trouble reading text at this 
size; and the on-screen keyboard is for some people too small for large amounts of 
textual input. Another overhead that small screen size brings is that of navigation and 
cohesiveness of content.  Because content has to be broken down into smaller 
segments, navigation becomes considerably more important and along with this is the 
need for the user to understand exactly “where” he or she is within the larger whole 
content package.  If a student becomes disoriented navigating throughout the content 
on a mobile device, the goal of that particular learning activity may be lost in this 
confusion (Traxler, 2010).    
Power consumption 
Although battery life on these devices is longer than laptops and notebooks, 
there are differences in battery life between devices resulting from differences in 
quality among them. Power must be managed well by not leaving power-heavy 
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features of an application running when not needed.  This includes the camera, GPS 
and the accelerometer
5
.  To conserve power it is common for the screen to be 
dimmed slightly and this also can impact on the visibility of content. 
Limited system resources 
Mobile devices are different from desktop and laptop computers in other ways 
too.  They have limited system resources.  Any applications designed and built to run 
on a mobile platform should be carefully developed so that the machine's memory is 
not exhausted and the application forced to quit prematurely. This also may result in 
an application being stopped so that the device itself can keep running (Android 
Developers, 2009). This of course is beyond the control of the device owner or user 
but may impact on learning if the app being used for learning purposes stops running. 
Application capabilities are more limited than larger devices too.  Generally apps on 
mobile devices are simpler and are focused on a single task, with the addition of a 
few peripheral associated tasks.  
Security  
Loss of the device 
Security is also a very important issue.  Because of the small size and mobility 
of these devices the possibility of loss or theft must be addressed.  Using Apple's 
MobileMe facility, a lost/stolen device can be electronically “located” and its hard 
drive wiped clean remotely in a matter of minutes (Moltzen, 2010).  This means that 
although the device itself may be gone, if loss or theft is detected and acted upon 
quickly, any private data may not be compromised.  Android also has a number of 
                                                 
 
5
 An accelerometer is a small device within a mobile device that measures orientation and motion. For 
example, it can tell if the device has moved from a prone to upright position. 
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applications that can help track Android devices; Lookout (Lookout Inc., n.d.) and 
SeekDroid (GT Media LLC., n.d.) are both popular. The makers of BlackBerry – 
Research in Motion - have BlackBerry Protect, a utility that aims to secure their 
phones (RIM, n.d.).  But these are not fool proof and just knowing the location of a 
device doesn’t always equate to being able to safely retrieve it.  
Privacy of user data 
Smart phones are generally ‘set up’ with a single user account and if an 
installed app requires private information about that account permission can be given 
by the device owner on an ‘as needs’ basis. As mentioned above this presents a 
number of challenges to educational institutions; loss of control over installed 
software and the devices generally are connected to a single email and wireless 
network account.  This doesn’t present a problem if the devices in educational use 
belong to the students or if the educational institution dispenses them to students long 
term; but it has the potential to breach multiple users’ privacy if borrowed for shorter 
lengths of time, e.g. a single class time frame. For example, in the context of an 
educational setting where the device is on loan to a student for a short period of time 
(for example, one class or for one week), if a student sets up their personal email 
account on the device, adds entries to a contacts list, uses the browser, writes any 
notes, or saves any other app activity, private usage data will remain visible to future 
users unless the School thoroughly deletes all traces of activity by resetting the phone 
before reissuing the device to another student. 
Educators 
It cannot be forgotten how important the educator remains in a student’s 
education process.  All technologies are only tools that learners use to assist their 
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education, but an educator is the originator of much that is learned, and both a guide 
and an example to a student during this time. In addition to this, how an educator 
integrates the device in his/her classes and the manner in which classes are 
pedagogically designed impacts on how technologies are used in the classroom 
(Kirkwood & Price, 2005). Then, an educator’s level of familiarity and proficiency in 
mobile device usage are all important too.  
The educator’s familiarity with the technology 
It can be a challenge to educators to remain current in their use of new 
technologies, especially considering the speed with which new devices are being 
introduced to the market. Yet, the educator is an important key to the success of 
device integration in any learning environment.  The first step that an educator must 
take in seeking to integrate any new tool into a class is to use the technology enough 
that they then understand both its potential and shortcomings.  It is from this platform 
that the educator can then commence the integration of the device into learning 
activities. Herrington, Herrington et al. (2009) carried out a study of how mobile 
technologies can be used to develop new approaches to teaching and learning in 
which both higher education educators and students were involved.  They found that 
educators needed time to become comfortable with using any new device and it was 
only then that they felt confident to either use it during class times or to release the 
same devices to their students for class use.  The authors recommend that a teacher 
should own the technology first, and then use it in both personal and professional 
contexts, in order to develop the skills that students must have in order to use the 
device in learning. This will help correctly prepare the educator for assimilating the 
device into students’ learning and it will contribute to its being done in a 
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pedagogically sound manner. Laurillard (2010) agrees with this and says that a 
technology’s integration is most successful when an educator is confident in applying 
it to students’ learning.  When this isn’t the case and the educator is unfamiliar with 
the technology, either its control is lost to the educator and given to technical support 
staff or there is a very steep learning curve required before control over it is gained. 
The Australian and the New Zealand panels of Technology Outlook for 
Australian Tertiary Education (2012 – 2017) both agreed “the pervasive resistance of 
academics to the personal adoption and use of new technologies or techniques 
themselves is a continuing barrier to institutional leadership with any technology. 
Both felt strongly that for students to learn how to effectively use technology, their 
teachers and mentors must find ways to embrace and creatively integrate it into their 
own work” (Johnson, Adams et al., 2012, pg. 4).   
A report by Swinburne University of Technology and the Council of Australian 
Directors of Academic Development in 2009 listed integration of technology into 
teaching and learning as one of five main challenges facing academics today.  Yet, 
we can so easily take it for granted that faculty already are familiar with or will have 
little difficulty in learning how to use these devices (Ling et al. 2009). 
Both the Technology Outlook for Australia and Technology Outlook for NZ  
panels are in agreement that for students to learn effective use of these technologies, 
educators must take the lead for successful integration of them into the students’ 
work (Johnson & Adams, 2011; Johnson & Adams, 2012).  
Age of university educators 
To be considered then is that university educators are by and large considerably 
older than the students they teach; and older people can find small screens difficult to 
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read.  Ling (2009) found that more than 75% of academic developers and educators 
in Australian universities were aged over 40 and just over 50% were aged from 50 to 
60. This is a startlingly different demographic from student populations. This 
difference in age must be taken into account when planning for mobile technology 
integration as some of these smart phones have active screen real estate as small as 
7.5cm by 5cm (37.5cm
2
) in comparison to a small laptop which may be 30cm by 
17.5cm (525cm
2
).  The laptop display therefore can be 14 times larger than the smart 
phone display. 
The educator’s pedagogic approach 
An educator’s preconceived understanding of learning and its processes can 
also be a deciding factor on how the technologies are used in the class (Hoppe, Joiner 
et al., 2003). As discussed earlier in this chapter, technology should not be the 
compelling force behind whatever pedagogical approach is taken in student learning 
(Avraamidou 2008; Goodyear & Ellis, 2008; Kirkwood & Price, 2011). Teaching 
practice should be informed by pedagogy and it is therefore important to ensure that 
the technology itself doesn’t drive teaching practice.  If a change in practice takes 
place in an attempt to improve student learning outcomes it should be driven by 
pedagogical decisions not by any affordance (Lefoe, Olney et al., 2009).  Herrington, 
Herrington, Herrington et al. (2009) recommend a social constructivist approach to 
class design where the learner has the opportunity to decide how to interact with the 
device. Active engagement and interaction are both important encouragers of 
students’ deeper learning and “…instructors should focus on designing learning (and 
assessment) activities that encourage students to be actively engaged” (Freeman & 
Blayney, 2005, pg. 23). 
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The students’ perspective 
It is also important to understand mobile device usage in education from the  
perspective of the student. A student of course is not a blank slate and comes to the 
classroom with a unique combination of skills, knowledge, cultural background, 
experiences, personality and preferences.  It can therefore be expected that the 
adoption of any new technology would be met with a mixed set of reactions from 
them. What do they value most of any technological innovations offered to assist 
them in their learning? What are their preferences for the integration of these 
technologies? Just as many factors influence the choice of technologies on the 
institutional side, the same is so from the students’ standpoint.  
Student perception and receptivity of mobile devices 
Sung & Mayer (2012) carried out a study on college students’ perceptions of 
and beliefs about the differences between mobile and desktop devices in both South 
Korea and the United States.  The study was concerned with discovering what should 
be taken into consideration when designing for technology assisted learning. It 
involved university students from University of California, Santa Barbara and 
Konkuk University in Seoul and they found some distinct discrepancies of use 
between the populations: 
 Korean students spent more of their online time using a mobile device than 
American students; and American students spent more of their study time 
using desktop machines. 
 Another finding was that Americans are more likely to take into account 
the medium through which the learning is delivered then the Korean 
students who took more notice of the learning object itself.  
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 American students also gave more positive reviews to desktop machines 
than to mobile devices, whereas in Korean the students were more positive 
about the mobile devices. 
A possible cause of the discrepancy between the student populations could be a 
student’s usage of a device before entering the classroom.  The study showed that 
students come to the classroom with pre-existing perceptions towards technologies, 
that this impacted on their acceptance of learning with either desktop or mobile 
devices and that some of these differences can be sourced to national variations in 
device usage generally.  
In South Korean cities, internet access is considerably cheaper and much faster 
than the United States and in cases where customers purchase an internet bundle that 
includes a phone, prices in Korea are as little as a quarter of the price of what is 
offered in the States.  Korea also has very fast connection speeds, up to 100 Mbps is 
common in major cities.  An offshoot of this is that South Koreans use their mobile 
phones more than Americans and for a wider range of activities (Hussain, Kehl et al., 
2013).   
Both groups saw mobile devices as “more accessible, more portable” but found 
desktop computers to be “more faithful, stable, concentrative and essential”. It is 
therefore important to be aware of how students respond to the use of these devices 
in our learning environments.  They may not yet be aware of the particular learning 
affordances that mobile devices can bring to their study (Sung & Mayer, 2012, pg. 
1328). 
Cheon, Lee et al. (2012) carried out a study investigating students’ perceptions 
of the use of mobile technologies in higher education.  They propose that students’ 
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perceptions affect their acceptance level of the devices in their learning.  These 
perceptions include both usefulness and ease of use of the technology. 
Many students are bringing these devices to campus, and having first-hand 
experience of both their convenience and utility they are beginning to expect mobile 
services to play a part in their learning (Dobbin, Arroway et al., 2011). The 2012 
EDUCAUSE annual study of undergraduate students and their use of information 
technology found that the integration of technology into their learning is very 
important to students and they have an expectation of educators that they will 
effectively use modern technologies to advance student learning (Dahlstrom, 2012). 
Student familiarity with the technology 
Because these devices are so popular among our student populations we can 
easily forget that not all students have used one and also that not all students actually 
own one.  This means that to some students the devices are unfamiliar and the 
prospect of using one in class possibly could intimidate them. When students are 
unfamiliar with a new technology they can experience anxiety at the prospect of 
having to use it in their learning.  
The 2012 EDUCAUSE study carried out at Indiana University School of 
Medicine found that integrating iPads into classes presented some challenges.  One 
of these was the reaction from students who were unfamiliar with the devices.  One 
student noted that “It’s an easy technology to follow if you have [own] an iPhone or 
iPod touch”.  The study also noted that anxiety can occur in students who are using 
new, unfamiliar technologies (Morrone, Gosney et al., 2012, pg. 6). 
Dahlstrom (2012) says the following about university students using mobile 
technologies in learning “… the ECAR student technology studies help readers dispel 
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common misconceptions about students and technology, such as the view that all 
traditional-age students have a high level of technical expertise or the idea that 
because so many students use social networking applications in their personal lives, 
those technologies should be leveraged for academic purposes as well” (pg. 3).   
Cheon, Lee et al. (2012) described a study of a south-western university in 
USA in which they found that 14% of 177 study participants didn’t own either a 
smart phone or a web-enabled mobile device. So, when talking about the seeming 
ubiquity of these devices among student populations we must be aware that not all 
students own them or have used them before. 
Student preferences of use for hand-held devices 
The ECAR Study of Undergraduate Students and Information Technology 2012 
found that students’ use of smart phones for academic purposes almost doubled from 
2011 to 2012 (37% to 67%). Yet 85% of students said their laptop was 
very/extremely important to their study; 65% said this of desktop machines; while 
only 37% said the same about their smart phone.  Students’ preferred use of hand-
held devices is still in favour of consumption of learning materials, and they still 
prefer larger devices for content creation.  The usability that large screens afford is 
preferred to the smaller screens of mobile devices. The study found that the three 
most frequent uses of the mobile devices by students was academic progress 
information (73%), course materials (73%) and access to learning management 
systems (70%).  These uses correlate directly to the same three services that students 
said were most important to them (Dahlstrom, 2012). 
Responses in a study carried out by Cheon, Lee et al. (2012) showed that 
students’ first preference for these devices was as a medium to access unit 
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information (e.g. schedules, test results etc.) followed by communicating with a 
lecturer, discussing unit content with other students and accessing unit content, in 
that order. The authors also state that the availability of mobile devices within a 
learning environment doesn’t guarantee that students will use them; and that any use 
for the devices should be within a student’s comfort level of use in order to ensure 
that the student is confident in use and will continue. 
School level approach to adoption 
While the devices, the educators and the students are all extremely important 
factors in integration, there is another agency involved and this is the wider 
institution in which the learning takes place. Both the amount of support and the 
general approach that the institution takes towards student and staff use of mobile 
devices have far-reaching impact on their successful integration. This ranges from the 
installation and maintenance of wireless networks that are both sufficient in 
capability and number to enable the use of these devices in learning across campuses 
to the technological support of both educators and learners; and for devices owned by 
the institution it includes ensuring the security of both devices and user privacy. It 
also includes how the university approaches the choice of mobile platforms that it 
will support. As stated earlier, many universities are addressing this through the 
development of mobile learning initiatives that address these very issues (Malisch & 
Montes, 2011). 
Bonig (2011) offers a set of best practices for the management of mobile 
learning initiatives which has emerged primarily as a result of Abilene Christian 
University’s ACU Connect program and Loyola University Chicago’s mobile 
initiative, along with additional input from a number of other universities:  
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 Maximum faculty engagement is critical to the success of these programs. 
They cannot be seen as IT projects but as faculty's pedagogical 
experiments. 
 Results of the experiments must be shared among the faculty. 
 The professional IT staff must offer support and be collaborative, but not 
take a leadership role in the evaluation of proposals or results. 
 The traditional adoption curve is in effect; not the early adopters, but the 
early majority will need more support from the IT staff as successful 
experiments are put into wider use. 
 The network becomes even more critical than before; any outage is 
immediately noticed by an extremely large percentage of the campus and 
has immediate effects on the core purposes of the institution of teaching 
and learning. 
 A number of institutions have as a goal the "maximum safe use of mobile 
devices" as a guiding principle. 
 Finally, whatever bandwidth existed last year is likely to be inadequate 
next year! The average student at ACU for example had over three Wi-Fi-
enabled devices, and most were active concurrently. 
Because there is such diversity in both mobile devices and the platforms they 
support device neutrality is very important for most institutions.  This also enables 
institutions to leverage devices already owned by students (Dahlstrom, 2012).  The 
issue therefore isn’t simply just deciding on going one way and supporting only one 
platform but all possible options should be considered before a final approach is 
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taken and the unique goals, priorities and characteristics of the school taken into 
account.  Remember too that students will continue to bring to learning whatever 
new devices are available and it is impossible to support all platforms so whatever 
strategy is settled upon must accommodate for this. Institutions that follow this more 
balanced approach report greater progress in device integration into university 
services (Dobbin, Arroway et al., 2011).  
Dahlstrom (2012) states that it is important when developing mobile materials 
and software to prioritize services students say are important (academic progress 
information, course materials and access to learning management systems).  
Laurillard (2010) writes that technology’s successful integration is highly dependent 
on organizational preparation and support of the devices also.  She considers that it 
should not just be added on to existing educational tools but properly embedded in 
both the planning and the delivery of learning materials and students must also be 
prepared for and guided in its use where necessary. 
Summary and Implications 
In summary, there is a general agreement among authors that integration of 
mobile devices into learning environments should be based on sound pedagogical 
practice. But there is more to the story than just the meeting of pedagogy and a new 
technology. There are at least four agents that must cooperate for successful 
integration: the mobile devices, students who use them, educators who either 
provision their use and/or use them in learning environments, and the institution 
whose support is crucial for integration to be effective long-term.  
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Chapter 3:  Methodology and Research Design 
Introduction 
This chapter describes the design adopted by this research to achieve the 
purposes stated in Chapter 1 of this thesis. It includes the specific design and 
methodology used in the study and the stages by which the methodology was 
implemented. Following this is a description of the participants in the study, the 
resources used and Human Research Ethics clearance obtained from both universities 
involved.  
Of particular note, two of the four questions (from Chapter 1) that the research 
addresses are: 
 What benefits are there for students both academic and engagement-wise 
when these devices are included in their learning? 
 What are the challenges that need to be addressed when including these 
devices in our learning spaces? 
As part of the undertaking to find answers to these questions a class of students 
was involved in the study.  A mobile app was developed and loaded onto the smart 
phones housed in the class’s learning space and students used these devices during 
class times, participated in in-class tests while using these devices and at semester’s 
end completed an exit survey for the study. 
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Research Design 
The research design was a combination of both quantitative and qualitative 
strategies.  Quantitative investigation took the form of class tests and final semester 
grade comparisons. It involved a comparison of test results between students who 
used the app during tests and those who didn’t, and a comparison of final grades 
between these students, to determine any impact that using the devices had upon 
student learning.  
Qualitative enquiry was carried out by the inclusion of an exit survey that 
participants completed at the end of the semester. This survey was designed to gather 
background information about the participants, their device usage history generally 
and throughout the semester, and any feedback they wished to provide on the 
inclusion of the devices and the app within the class. This took place in semester 2 of 
2012. 
Methodology 
The research approach taken for this study is the Systems Development 
Research methodology (Nunamaker et al., 1991).   This methodology encompasses 
background discovery of underlying theories that have impacted the development of 
a system, its actual development, and experimenting or testing the system and 
observation of its impact on a tertiary class. It was chosen because the study includes 
the development of a software application whose impact on its users will be 
measured.  
 
 
 
 
 
 Chapter 3: Methodology and Research Design 67 
 
The following shows the process for this methodology – 
 
 
 
 
The path that the research took involved two iterations of the “Build …” and 
“Observe …” phases, shown in Figure 3-1. The following material gives a general 
overview of the project, and more detailed information about the app can be found in 
Chapter 4, “The App”. 
Construct a conceptual framework 
As stated in the literature review (Chapter 2, Mobile Devices) it is important to 
understand the differences between these hand-held mobile devices, their physical 
capabilities and limitations included, and also how they differ from more traditional 
computing devices such as desktop and laptop machines.  Dahlstrom (2012) notes 
also that not all students have a high level of competency in the use of these devices. 
Added to this, any system built needs to meet the particular needs of an organization 
Figure 3-1 The Process for Systems 
Development Research (Nunamaker et al 
1991, p 98) 
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and also be attainable and maintainable within that organization (Malisch & Montes, 
2011).  To address the above considerations a mobile application was built expressly 
for use by a class within our discipline so that practical experience could be gained 
through its use in the study; and a potentially useful artifact would still exist after the 
study was complete. 
Develop a system architecture 
In order to optimally enable both development and maintenance of the system 
within the discipline of Information Technology, the approach taken for the 
development of this system was to build a hybrid app
6
. The high level structure of the 
app was a website built using a mobile web framework and this site was housed 
within a native app. The mobile web framework closely mimics the behaviour of a 
native app and is similar in performance, instant availability and usability.  The 
learning space that was part of the study houses both iOS and Android smart phones 
so two apps were actually built, one for each of these operating systems. A single 
mobile website was incorporated into both apps because web technologies are 
compatible with both systems. From a user’s perspective the app is little different 
from a fully native app.  Refer to Chapter 4 (The Design of the App) for more details. 
Analyse & design the system 
This stage involved designing the content of the system and during this stage 
alternate solutions were proposed and a final solution settled on. The app was 
designed to provide assistance to students during workshop learning of the Java 
programming language. As the semester progressed in this class, the weekly learning 
                                                 
 
6
 A hybrid app is built using both native and web technologies. (Further information is provided in 
Chapter 4.) 
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materials introduced various features of the Java programming language.  The app’s 
sub-sections mapped directly to these features: 
o Variables – placeholders of values stored in memory during a 
program’s run time 
o Control Flow – what happens when choices need to be made 
o Objects – classes and objects, building the bigger picture in Java 
programming 
o Methods – the behaviour of objects 
o Arrays & Lists – storing data and objects 
o Inheritance – using a legacy of commonly used state and behaviour 
The app also contained a Basics section which held useful aspects and tasks 
often used, but easily forgotten, by beginner programmers. A more complete 
description of the app’s structure is in Chapter 4 (The Design of the App). 
Build the (prototype) system 
An initial trial app was built by February 2012 and a class of Information 
Technology students tested its use in class during semester 1 and gave feedback on 
its functionality and content. The prototype app used in the study was amended as a 
result of this feedback. Development of the final app was completed by July 2012. 
This app was then loaded onto the smart phones housed in the learning space ready 
for semester 2.     
Experiment, observe and evaluate the system 
At the start of this phase the app was released to the class of students involved 
in the study for their use during workshop times. Evaluation was carried out on the 
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inclusion of the devices by using post-tests on students’ knowledge to show whether 
the use of the smart phone app had improved student learning. 
 Participants in the study 
The class involved in the study was HIT211, Application Development, in 
semester 2 of 2012.  This unit is an introductory programming unit and a core unit 
within the Bachelor of Information Technology offered by the School of Engineering 
& Information Technology at Charles Darwin University. 
Introductory university programming units traditionally have had higher failure 
rates than for other IT subjects (Mahmoud, Dobosiewicz et al. 2004; Corney, Teague 
et al. 2010). This had been the case for HIT211. The class was the focus of the 
research with the aim of finding ways to improve student outcomes of learning for 
this unit.   
The HIT211 class for 2012 consisted of 44 students in total: 34 internal 
enrolments and 10 externally enrolled students. Because the study involved using an 
app on a smart phone during class workshops, only internally enrolled students took 
part in the study. In total, 25 out of the 34 internally enrolled students agreed to 
participate in the study. 
The inclusion of the devices during class tests 
The app was available during workshop times to all students who attended 
classes for the duration of the semester. The only time access to the devices was 
controlled was during class tests. These tests were a regular part of class activities. 
Internal students were required to complete these during class time. (External 
students were given a specified time frame during which they could submit each 
test.) The tests were scheduled for weeks 3, 6, 9 and 12 of the semester and students 
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were given a maximum of 20 minutes to complete each test.  Completion of these 
tests was mandatory for all students and participation contributed to a student’s final 
grade for the semester. Only their participation was factored into students’ final 
grades, not the actual test results. 
The tests are regarded as formative assessment and were used as a feedback 
mechanism for both the lecturer and the students to gauge how well the students 
grasped both the underlying concepts of the programming language taught and to 
uncover any problems with learning the syntax of the language.  They also were used 
to inform the lecturer of any deficiencies in both delivery of learning materials and 
subject content. 
Each time a test was scheduled, the participants were divided into two groups 
through use of a random number generator in a spreadsheet.  Participants were 
randomly assigned a number and the resulting list was then sorted into ascending 
order according to the randomly generated number column.  Students whose name 
appeared in the first half of the list were given a smart phone so that they could use 
the App during tests while students in the second half of the list completed the test 
without using the smartphones.  This method of selection was carried out to ensure 
that any analysis performed on the results would be as objective as possible.  All four 
of the tests were included in the study (weeks 3, 6, 9 and 12).  The outcomes of these 
tests and their analysis are part of Chapter 5 (Results & Analysis). 
Data Collection and Analysis 
The study also included an exit survey completed by the participating students. 
Qualtrics hosted the survey online (Qualtrics Inc., n.d.). The survey was password 
protected and students were sent an email invitation to complete it.  The email 
 72 Chapter 3: Methodology and Research Design 
invitation also contained their password information.  Of the eighteen students who 
remained involved in the study right to the end of the semester, fifteen of these 
completed the survey. 
Evaluation of students’ use of the system and its impact on them was carried 
out a number of ways – 
o Class tests were conducted in weeks 3, 6, 9 and 12.  Results of these 
tests were extracted for further analysis. 
o Comparative mark sheets for the class were investigated.   
o Students completed informal surveys about their use of the application 
on the mobile device. 
The gathered data was used to discover the impact the use of the app on the 
devices had upon the learning outcomes of the class and student satisfaction. This 
took place from August to December 2012. Analysis began in early 2013. 
Quantitative analysis included comparison of test results between groups that used 
the app during tests and groups who didn’t use the app, and also comparison between 
these results and exam results. Correlations between test results and student survey 
responses were also used to determine any relationships that might exist between 
these. Qualitative analysis was carried out on survey responses in order to discover 
students’ levels of acceptance of the devices and also to find what challenges they 
may present to their learning  
Timeline 
A timeline for the study can be accessed in Appendix A. 
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Resources Used 
Following are the resources that were required to complete this study - 
o 32 smart phones running on iOS and Android platforms (owned by the 
School of Engineering & Information Technology, Charles Darwin 
University) 
o One Apple MacBook Pro, for development of the applications (on 
loan) 
o Membership in Apple’s iOS Developer University Program.  This 
program provides resources for iOS development, distributes required 
certifications for app development and also allows legal deployment of 
the apps onto the school’s iPhones through in-house development 
(Apple Inc 2013). 
Ethical Clearance 
Concurrent to the development of the system, the study required application for 
Human Research Ethics clearance from both Queensland University of Technology 
(from where the Masters program is delivered) and Charles Darwin University (my 
employer and the university at which the students involved in the research were 
enrolled).  QUT’s University Human Research Ethics Committee (UHREC) response 
to the application was “QUT considers the work to fall outside the scope of the 
National Statement on Ethical Conduct in Human Research (2007) which ‘excludes 
the development of teaching materials that do not embody original research’ from its 
definition of research.”  QUT application reference is 1100001458.   This application 
was completed and approved by December 2011.  
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CDU Human Research Ethics Committee (HREC) wished to review QUT 
UHREC’s decision before giving their approval.  They approved my application in 
May 2012 and its reference is H12038. [See Appendix B for both clearances.] 
Students’ permission to participate in the research was gained at the start of semester 
2, 2012. 
 Summary 
This chapter discussed the methodology used in the research.  The following 
chapter is “The Design of the App”, mentioned a number of times in the 
Methodology section of this chapter. The results of the findings, both quantitative 
and qualitative can be found in chapter 5. 
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Chapter 4:  The Design of the App 
Introduction  
This chapter discusses the app that was developed and used as part of the thesis 
investigation.. The app has been simply named – Learn Java.  The chapter starts with 
discussion on the app’s context of use (the environment, the class and the manner of 
inclusion of the devices during class times) and the resulting functional requirements. 
Next is how the app appears and functions from a student’s perspective. Following 
this is an explanation of the decisions that have been made throughout the 
development process: high-level decisions concerning the software development 
choices and other factors impacting the process, and low-level decisions arising from 
the uniqueness of the devices onto which the app was loaded.  Next is a discussion 
on the choice of a suitable framework to aid development. The last section shows 
how the individual screens were developed using the web framework.  
Context and requirements 
The app was developed with the intent to provide assistance to introductory 
programming students during workshop times. 
What type of app?  
It is an educational information app with search capabilities, containing 
supplementary learning resources and code examples that have direct relevance to the 
semester’s teaching content in the programming unit that the app was developed for, 
focusing on the Java programming language. The app is comprised of the following 
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sections: Variables, Control Flow, Objects, Methods, Arrays & ArrayLists, 
Inheritance and Basics. The Basics section is concerned with general use of the 
development environment (IDE
7
) and other help such as how to comment code etc.; 
information that isn’t directly connected to a Java language content section of the app 
but is important for a beginner nonetheless. 
The class that used the app 
The class in which the app was used is HIT211, Application Development, in 
semester 2 of 2012.  This unit is a core unit within the Bachelor of Information 
Technology, offered by the School of Engineering & Information Technology at 
Charles Darwin University. All students who were enrolled internally in HIT211 and 
would therefore attend the workshops were invited to participate in the study 
although participation wasn’t mandatory.   
The class was comprised of 34 internal enrolments and 10 external enrolments. 
In total, 25 out of the 34 internal students agreed to participate in the study. Of these 
25 students, 5 later withdrew from the unit leaving 20 participants. Of the remaining 
20 students, 2 never actually participated, leaving 18 active participants.  16 of the 
remaining 18 participated right to the end of the semester and also 15 of these also 
completed an exit survey for the study.  Most internally enrolled students in the class 
worked part-time and because of this couldn’t always attend classes. Therefore not all 
of the 18 continuing participants were present in class every week but when present 
they remained actively involved in the study.   
                                                 
 
7
 IDE – Integrated Development Environment 
This is an application that provides a comprehensive collection of development functionalities for 
programmers, all within a single application. In this case, the IDE is called Netbeans. 
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The subject under study 
Application Development is an introductory Java programming unit offered by 
our School. Some students had studied six weeks of another programming language 
prior to enrolment in this unit, while others had no previous programming knowledge 
at all.  The unit is concerned with the object-oriented approach to programming 
including design patterns, basic syntax of the language and best practices.  It is a 12-
week unit of study, offered both internally and externally. 
The style of teaching – workshop 
As described in Chapter 1, the class took place in a workshop where theoretical 
and practical learning are closely interwoven.  Teaching and times of practicals were 
generally alternated throughout the duration of the class. Because the students had 
laptops at their disposal throughout the entire class time, it was possible to be more 
flexible about the order of delivery than in a traditional lecture. This mode of 
learning is conducive to enabling a re-arrangement of a workshop’s schedule during 
class times if the lecturer becomes aware of a situation that calls for this.  Sometimes 
a class is ready to try something for themselves earlier than expected by the lecturer 
and this also can result in the class being given a more challenging task.  Conversely 
there are instances where a practical session is changed or delayed until the class in 
general is more confident with what has been delivered. 
Learning materials that students already had access to 
Weekly teaching PowerPoints were made available at the start of each week 
through BlackBoard, along with online articles, and any skeleton code and sample 
projects pertinent to that week’s learning.  There was a set text for the unit: Head 
First Java (Sierra & Bates, 2005). Each week’s teaching is aligned to a chapter or 
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chapters of the book.  Textbook ownership proportions in the class are unknown. 
Students also had access to both of Oracle’s online Java programming helps: 
1. The Java Tutorials ( Oracle, n.d.): The tutorials are an excellent resource 
for anyone wanting to learn Java.  But the resource is also very large and 
therefore complex, and it can be difficult for beginning students to know 
what to look for and then when found still how to implement it. 
2. The Java APIs (Application Programming Interface) (Oracle, n.d.):  This 
includes a listing of all pre-defined classes and class behaviours that are 
part of the library available for use to any Java developer.  The APIs are a 
professional resource, very comprehensive, and therefore very complex.  
Making sense and then making use of them is quite a steep learning curve 
for beginning students. 
The purpose of the app – addressing a problem 
The aim of the app was not to ‘teach’ programming, but to provide a type of 
back-up framework, giving ready access to quick memory aids and code examples 
for a student working through some of the more challenging aspects of learning 
programming – problem solving and development of algorithms (Pears, Seidman et 
al., 2007). 
There exists a plethora of online resources for students wishing to learn Java. 
But external sources don’t always offer reliable best practice solutions; and because 
the learner is so new to the field they aren’t able to judge the quality or correctness of 
their source. Many experienced programmers have their own libraries of code 
examples that they are familiar with and know how to use and where, but new 
learners of course don’t have this.  They are faced with a large text book, 
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sophisticated online resources that include videos, file downloads, lists and lists of 
instructions; and all this often just to learn a very simple concept of the language. 
Because of this, the app was designed to be easy to understand and navigate through, 
with simple code examples and very short nuggets of knowledge or help guides. It 
concentrates more on the mechanics of the language, and putting it on mobile devices 
within the learning space made it easily accessible to students. If a student became 
familiar with its content it could potentially free him or her to engage in a deeper 
understanding of the subject without being distracted by having to find these 
particular aspects of the language’s  concepts and syntax from disparate sources.  
How the app was incorporated into the class 
The app was loaded onto the smart phones stored in the teaching space before 
start of semester.  The phones were removed from the mobile storage and recharge 
trolley at the start of each class and placed on a table at the front of the room and 
students took them for use if they wished. This meant that throughout the entire class 
time students could then use the phones as well as laptops. The app was designed to 
be of use primarily within the workshops. Students were encouraged to use the app 
whenever they wished to during workshop times.  This could be while the lecturer is 
teaching, to give clarity to something taught, or during practical learning time to 
assist in understanding of material and completion of tasks.    
Appearance and functions – the user’s perspective 
 
 Figure 4-1 (on the following page) shows the top level appearance and 
structure of the app. 
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When a student first runs the app, the home screen loads. (See Figure 4-1 
above.)  It contains topic headings for each section of the app: variables, control 
flow, objects, methods, arrays & list, inheritance, basics and a search function. Each 
topic is represented by a rectangle with a 3-D effect to give the impression of a 
button, a common navigation device. The search function is separate from the main 
content and is represented by a universally recognized search icon in the bottom right 
hand corner of the screen 
All topic heading screens in the app have the same overall structural layout. 
The header navigation bar contains a link to the start of the current section (left side 
button), the section title preceded by its first letter (in the middle) to show association 
with the grid icon; and a link back to the home screen (right side button containing a 
‘home’ icon).  The footer navigation bar provides a link to the home screen (a back 
button) and also the search facility (the universal search icon). Further screens within 
Figure 4-1 The Home Screen 
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each section can be accessed via a list of links on the landing page of each section. 
The landing page of the Inheritance section is shown below in Figure 4-2. 
 
 
 
 
 
 
 
 
 
 
 
 
All section landing pages within the app have the same overall structural layout 
as shown above in Figure 4-2. The header navigation bar contains a link to the start 
of the current section (left side button), the section title (in the middle) and a link 
back to the home screen (right side button containing a ‘home’ icon).  The footer 
navigation bar provides a link to the previous screen (the back button) and also the 
search facility (the universally recognised search icon).  
The links to the start of each section are represented by a grid icon and the first 
initial of the section name. The grid in the pictured example shows the initial “I”, 
because it is in the Inheritance section of the app. Because these features are repeated 
on all screens, the home screen, the previously viewed screen, the search function 
and section start page are never more than one finger touch away, for the user.  
Figure 4-2 The Inheritance Section Start Page 
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Figure 4-3 below shows that these identification features are repeated 
throughout the content pages within each section.  
 
A scenario of use 
To demonstrate how the app appears from a student’s perspective a short 
scenario of use is described below. 
The class has been set the following task and the students have been 
encouraged to make use of the app of the smart phones to help them complete it:  
“There is an array of 5 String values called stringArray: 
 
String [] stringArray = {“class”, “object”, 
“method”, “variable”}; 
 
The values held in this array are to be printed to the console.  
Write the code that would do this using a loop.”   
 
 
Figure 4-3 Inheritance Section Content Page 
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The above-mentioned task is similar to those set early on in the semester during 
workshop times and assumes that a student already knows a number of things: that a 
collection can be incrementally traversed and that its values can be retrieved one by 
one, that a loop is an appropriate mechanism to use for this task and that there are a 
number of different types of loops to choose from.  
What he or she may not have fully comprehended or remembered is how to 
choose the right type of loop, how to structure the loop’s code or how to print a value 
to the console or any combination of these.  This is where the app may help the 
student successfully complete the task.  
The sections of the app quite deliberately correlate directly to learning modules 
within the class’s curriculum. So when a task such as the above is given, the learning 
module titled “Control Flow” would either be the current module under study or it 
would have been studied earlier in the semester.  If a student remembers that looping 
is a technique for controlling the flow of a program he or she may go immediately to 
the Control Flow section of the app to get some help.  Once inside the section, where 
to go is self-explanatory.   
The following pages contain a series of figures demonstrating pathways that a student 
may take through the app when looking for help when learning about loops. 
 
 
 
 
 
 
 
 
 84 Chapter 4: The Design of the App 
The student starts at the home screen and goes straight to the Control Flow 
section of the app. (See Figure 4-4 below.) 
 
 
 
 
 From the start of the Control Flow section the student goes to the Loops 
section (See Figure 4-5 below): 
 
Figure 4-4 Starting a pathway through the app 
Figure 4-5 The Loops Section of the App 
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From the Loops section the student can now choose which loop he or she 
thinks is appropriate for the task, in this case ‘For loops’ has been chosen. (See 
Figure 4-6 below.) 
 
 
 
 
After choosing a ‘For loop’ the student can access the example page that 
explains the syntax of that particular type of loop. (See Figure 4-7 below.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-6 The For Loops Section of the App 
Figure 4-7 Finding a pathway to an example of using Loops 
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The above example should help the student to complete the given task. 
Alternatively, the student could also choose to view examples of different types of 
loops in code. This can be done from the Looping section start page too. (See Figure 
4-8 below.) 
 
 
 
If  the student has forgotten what loops are or is unsure which section they are 
found in, there is a search function that can be used to help find the sought-for 
information.  Using the search function, a student could input the key word ‘loop’ 
and the app would bring up a list of sections or pages within the app all concerning 
looping in Java. (See figure 4-9 on the following page.) 
Figure 4-8 An Alternate Pathway to Examples of Loops 
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As Figure 4-9 shows, whichever path is chosen, a student who doesn’t 
remember much about loops can choose an introduction to loops. On the other hand, 
if he or she knows which item to choose then they would probably select “For loops”. 
For the student who doesn’t know which choice to make, there is help: “Which one 
to choose” on the Looping sub-section start page. This screen gives a quick overview 
of which loop to use when.  The only way out of this screen is back: either to the 
previous screen, the section start screen or the homepage.  Upon finding out which 
type of loop is the correct one, the student could just go back to the previous screen 
and then choose that loop type.  In this case it’s a ‘for’ loop and then he or she can 
choose between either a general or enhanced ‘for’ loop.  Both are correct. Here is an 
image of the screen that describes loop choices. When the student has been reminded 
of or learned which loop to use they can use the ‘Back’ button to return to the 
previous screen and then see more specific help for their choice. (See Figure 4-10 on 
the following page.) 
Figure 4-9 Using the Search Function 
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While the above explanation may seem lengthy, the actual performing of these 
tasks by a student is quite fast.  All it takes is some single finger taps. The user also 
knows exactly where he or she is within the app at any given time by repetitive 
placement of the section grid icon, the screen title, the Home button, and the Back 
button.  Via these, the student can also return to where they came from within a 
section, to the start of a section or back home again.  The only part of the usage that 
consumes noticeable time is when the student pauses to read a screen.   
When a student reaches the screen that gives an example of the code used for a 
loop there is also a textual guide to the syntax of any loop of that type. All text is kept 
to a minimum so that content is easy to scan and information easy to find. By 
following this guide a student should be able to apply this to their task of printing out 
an array using a loop, even though the data types of the arrays are different.   
Figure 4-10 Using the Back button returns the user to the previous screen 
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Figure 4-11 below is an example of both code and explanatory text which together 
show a student how to structure a general ‘for’ loop.  
 
 
 
Figure 4-11 Example of Code with associated explanatory text. 
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High-level design issues and decisions  
The high level structure of the app developed for this study was a website built 
using a mobile web framework and housed within a native app: a hybrid app. (See 
page 109 for a full explanation of this type of framework.)  The app was loaded onto 
the smart phones without need for continuous network access. A mobile web 
framework was used because it closely mimics the behaviours of a native app and is 
similar in performance, instant availability and usability.  From a user’s perspective 
the app was very similar to a native one.   
The development process for an app on a mobile device isn’t necessarily so 
straightforward as for a desktop machine.  There are a number of different ways in 
which an app can be developed and the final choice of development strategy is often 
based on more than one factor.  The available choices for development of an app for 
use on a smartphone are a native app, a web app, and a hybrid app. The following is a 
summary of these choices, together with localized issues that impacted on the choice 
and then a fuller explanation of the final development choice.  
 
Native app 
This type of app is developed exclusively for use on a singular mobile platform 
(operating system). For example, an iOS native app can be loaded onto and run only 
on an Apple iOS device (iPhone, iPod, iPad, iPad Mini), and an Android native app 
can be loaded onto and run only on an Android device (for example Samsung, HTC, 
Sony devices). 
The programming language used to develop a native app is different across 
disparate platforms also.  An iOS app is written in the C or Objective C programming 
 Chapter 4: The Design of the App 91 
languages, whereas an Android app is written in the Java programming language.  So 
the platform determines the development language. The deployment of a Native app 
onto a mobile device is for the most part restricted to uploading the app to the 
relevant market place and from there, device owners can download the app directly. 
Pros – 
o The app has access to all capabilities and features of a device. 
o A native app will generally run faster than other types of apps because 
it is specifically designed to work with the operating system on which 
it is installed. 
o It is easier to give the app a more ‘native’ or ‘at home’ look-and-feel 
making it seem as if it came with the device on shipping from the 
warehouse. 
o Developers will have access to a vast network of developer tools, 
tutorials, articles, examples and forums that are 100% focused on that 
particular system.   
o There is a standardized language that each app is written in and 
generally there exists a Software Development Kit (SDK)
8
 that is 
provided by the manufacturer of the platform for the developer’s use.  
For example, XCode is Apple’s SDK for building iOS apps (Apple, 
n.d.). Android apps can be developed using a number of IDEs, the 
most popular being Eclipse (Eclipse Foundation Inc, n.d.), IntelliJ 
IDEA  JetBrains, n.d.) and Netbeans (Oracle, n.d.). 
                                                 
 
8
 Software Development Kit – a grouping of tools that can either be part of a software development 
application or be added to it to assist developers in building applications. 
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o Generally there is an established avenue for device owners to search 
for and purchase new apps making it easy for the app to be found and 
downloaded onto a device (e.g. an App Store or Market place).   
 
Cons – 
o The app will run only on its target platform (the mobile operating 
system that it was designed for).    This means that an app developed 
for the Android platform will not run on an iPhone or Blackberry or 
Windows device. 
o The developer must know the programming language of a particular 
device’s platform in order to develop an app for that device. For 
example, Apple’s iOS devices are coded in Objective C, Android’s 
devices are coded in Java and Windows Mobile requires use of one of 
Microsoft’s programming languages (Apple Inc, n.d.; Google Inc, n.d.; 
Microsoft Corp, n.d.).   
o Development can be expensive in terms of time resources if 
developing an app for multiple platforms.  
o The IDEs used for development are all very different across platforms 
as are the approaches towards how best to build an app for a particular 
device. Apple imposes a Model View Controller (MVC)
9
 design 
pattern in app development.  Other platforms approach development 
from a different perspective. Therefore to build a duplicate app on 
another platform, the developer must know the applicable 
                                                 
 
9
 MVC – This is an approach to software and web development that separates presentation, user 
interaction and content. 
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programming languages of each and also be able to switch 
development approaches.  Both code and file structures are very 
different between systems. Any resulting app would only be a copy in 
the sense of function and content. Little else is replicated. 
o When content or function of the app is updated generally the device 
owner receives notification on the device.  Updating isn’t compulsory 
and the user may choose to never update the app.  If updates contain 
critical changes to the app either for improved functionality or to keep 
content current, the user may never take advantage of this.  Also, if the 
user continues to ignore updates over an extended period of time, the 
app may no longer be compatible with platform upgrades, and no 
longer be able to run on the device.  
 
Web app 
A web app is basically a website and in the context of this study it is a site 
optimized for use on a smart phone. It can be as simple as a content website or as 
complex as an online store such as Amazon
10
.  It can include a backend database or 
not. But, it is built fundamentally using web technologies (HTML, CSS, JavaScript, 
PHP, VBScript etc.) and can be accessed through a browser (Stark, 2010).  More 
functionality can be added using other programming languages.  A web app is 
independent of any platform or operating system that a mobile device runs on.  It runs 
only in a web browser. But because it is accessed through a browser it is not browser 
independent. Not all browsers are equal and there are differences in implementation 
of web pages between browsers.  
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Because of the differences between browsers and between platforms on mobile 
devices it has become common practice among web developers today to use a mobile 
web framework to help their sites function and display well on mobile devices.  
These frameworks help design and build a site expressly for use on a mobile device. 
 
In her article “Going Mobile with a Web-Based Strategy”, Rosemary Rocchio 
(2011) defines a mobile web framework as “a set of modules that are coded and 
maintained in one place but invoked from a broad spectrum of web pages designed 
for a mobile device”.  The frameworks can include code that detects what type of 
device is accessing the site, what type of browser, what features a particular browser 
supports or even just the screen resolution of a device and from this information it 
chooses how to render or display a web page.  
A mobile web framework can be made up of primarily server-side technology, 
client-side technology or both
11
, depending on what functionality is required for the 
web app.  If user information is to be relayed to a server then part of the functionality 
of the framework must sit on the server, but if all information is to be housed on a 
device then all information can be stored within the app itself, possibly within a 
database or elsewhere on the device. 
Mobile web frameworks can also be downloaded from their site of origin and 
stored on either a hosting site or on the mobile device as part of an app. 
Currently, some of the most commonly used frameworks are jQuery Mobile, 
JQ Touch, Kendo UI, Sencha Touch, Phone Gap (Falk, n.d.). 
                                                                                                                                          
 
10
 http://www.amazon.com/ - Amazon is possibly the world’s largest online retail company. 
11
 Server-side technology: a computer that hosts the website and sends web pages etc. to the client 
upon request.  It also receives requests from the client. The client is often a browser.  
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These frameworks are based on HTML5 (W3C, n.d.) which is the latest 
iteration of the mark-up language used to create web pages.  HTML5 isn’t just the 
addition of new tags to the already existing HTML language.  It is an attempt to 
provide mechanisms for the presentation of audio, animations and video and also for 
data storage, and to improve the web experience on mobile devices – all through a 
browser (Mansfield-Devine, 2010). 
Pros – 
o A web app is device agnostic.  It doesn’t matter what type of device is 
used for access.  The site is intended to display in any browser, desktop 
or mobile.  The device user or owner can choose to add a shortcut to the 
site on the home screen of their device and the site can be accessed in 
the same way a native app is accessed (Rocchio, 2011).  
o The aim of the above mentioned frameworks is to enable reliable 
display of a web page especially on any mobile device, no matter what 
type of browser is used, how small or large the screen or what the 
screen resolution of the device is. One app is developed for all 
platforms. Although display and functionality are not equal across 
browsers and devices, a framework will help enable an acceptable base 
level of both display and functionality of a site on any mobile device.  
This means that the web site owner is assured that people who visit the 
site will have access to all necessary content and functionality.   
o Web apps can take advantage of  a design approach called progressive 
enhancement (Gustafson, 2003) whereby all users can be assured of 
access to all content and an acceptable base level of functionality but 
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more sophisticated devices can experience a greater level of 
functionality. 
o Since a web framework can read what type of browser is displaying the 
site and what features a browser supports it is possible to provide an 
enhanced experience on more capable devices if a framework is used.  
A particular area where this is important is images on the site.  If a 
device has limited processing capability then smaller resolution images 
could be downloaded as content on a web page, but for those devices 
that have greater power higher-definition images could be provided.  
This would result in the site loading on low-capability devices at a 
similar speed to that of more powerful devices. 
o There is no actual ‘deployment’ of the app.  All that is needed is a URL 
for the site. The user must click on a previously provided link to the 
website or type the URL for the site into a browser.  The site could then 
be added to the Home screen of the device.  Deployment through a 
device’s market place or store would be bypassed. 
o Maintenance of a web app is simpler. Any changes to the site are made 
in only one place – on the server that hosts the site.  No changes or 
updates are required on the device, unless the site is moved on its 
hosting server.  If this happens the device user must know the new URL 
and repeat the above process again.  Each time the user accesses the site 
they are assured of getting the most up to date version. 
o Web apps provide for greater user choice. A web app also caters for 
users who prefer to use a larger screen computer to a smart phone.  
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Because it is accessed through a browser any web enabled machine can 
access it (Schepman, Rodway et al., 2012). 
Cons – 
o While mobile web frameworks are designed to enable display of a site 
on any mobile device, the Web itself has never been that 
straightforward.  Web pages are comprised primarily of HTML code.  
This defines the content of a page. Added to this is CSS code that 
defines much of the layout and look-and-feel of a web page.  Then 
working in conjunction with these are technologies such as JavaScript, 
VBScript, and PHP etc. that define a site’s behaviour and allow user 
interaction.  
o So the site fully relies on the device’s browser to display it correctly 
and to provide any client-side technologies that are needed.  Even 
though mobile devices are quite new, they support very different 
browsers.  Not all browsers give full or significant support to newer 
web technologies so there is no guarantee that the site will display and 
function as planned on all mobile devices. Features of Web languages 
(HTML & CSS) are not always implemented uniformly across 
different browsers.  This is a continuing challenge for web developers, 
and a fundamental problem in the Web field.  All browsers don’t 
equally support all features of HTML and browser vendors are free to 
choose their own style and/or level of implementation. Although some 
of these differences may be slight the developer must still 
accommodate for them.  Competition between browser vendors results 
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in new features being released frequently, but it also means that cross-
browser implementation of features can take a considerable time to 
become stable. Although the World Wide Web Consortium (W3C)
12
 
is the group that oversees and steers the official standards that browser 
vendors should comply with, it often happens that browser vendors 
introduce new features first.  These features become popular within 
the global development community independent of the W3C.  As a 
result of this Web Standards are sometimes changed to match what 
has become already established implementation.  This is like putting 
the cart before the horse, which of course can end in unexpected 
outcomes.  
o There is also a certain level of instability inherent in using what are 
termed ‘experimental features’13 in web development (W3C, n.d.).  
They may eventually be ratified and officially be accepted into the 
Web languages, or they may lose popularity and over time be 
deprecated and replaced by another feature that possibly performs a 
task better.  It is important then to be careful when using features that 
are not yet ratified or still in experimental stage. A number of these 
new inclusions in the Web languages are directed at mobile devices 
and it can be a temptation to include them as fundamental building 
                                                 
 
12
 The W3C is a community of organizations and individual members who work to develop and 
encourage standards on the Web. 
 
13
 Experimental features are code implementations that have not yet reached what is called a Candidate 
Recommendation stage of acceptance by the chief Web Standards organization, W3C.  A current 
example of this is HTML5, the latest iteration of the web mark-up language HTML.  Not all elements 
of HTML5 have reached Candidate Recommendation stage and so not all features are guaranteed to be 
ultimately ratified, therefore their use may not be permanent. 
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blocks of a site but if this was done and the feature was deprecated it 
would significantly add to post-production maintenance time (Wayner, 
2011). 
o Although upgrades and updates to content and functionality of the 
App for the most part are automatic, not all users may wish to 
upgrade.  Some users aren’t interested in newer features and a server 
hosted Web App forces this upon them.   
o Because the content is not located on the device itself there can be an 
issue with latency (an extended delay in time between the user 
executing an action and the app responding to that action).  This 
latency is not so noticeable on a Native App because the Native App 
interacts directly with the operating system of the device.  But with a 
web app there is firstly always an intermediary step between the user’s 
action and the app’s response and this is the network.  The app’s speed 
is limited by the speed of interaction between the browser and the 
server.  This is beyond the control of the app developer. The use of a 
technique called Application Cache can partly solve this problem.  
This technique is discussed in detail towards the end of this chapter 
when discussing how the individual screens of the app were developed 
(see page 119). 
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Hybrid App 
 
A hybrid app is like a native app, but it is written partly using a device’s native 
programming language and partly using web technologies (HTML, CSS, JavaScript, 
VBScript, etc.).  The app’s web technology files are referenced by native app code 
and are either hosted on a server and or downloaded on to the device as part of the 
native app or a combination of both of these choices. So, the technologies used here 
are both the programming language of a device’s particular operating system or 
platform and web technologies used in a web app.  The app can be comprised of 
mainly native code files or mainly web files or it can be a balance of both, depending 
on its design and functional requirements. 
Pros – 
o The hybrid app has many of the advantages of both native and web 
apps because it can exploit features native to the device and also 
features unique to the web. It has access to all the capabilities of the 
device, for example, camera, gyroscope, accelerometer, email 
contacts, browsers and the interface of an app has a look-and-feel that 
is consistent with the device.  It also can make use of web 
technologies and existing web resources such as established web sites. 
o If the web-based content within the app is housed on a server the user 
is assured of always having the most up-to-date content. 
o From a user’s perspective, the app will function more like a native app 
than a web app because it is loaded onto the device and partly is a 
native app. 
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o If the parts of the app that make up the web content are housed on a 
server they could be accessed from any computer’s browser. This 
removes the need to replicate development of the web based content 
of the app for those users who don’t have access to or choose not to 
use mobile devices. 
Cons – 
o In a hybrid app where the website is fully loaded onto the device as 
part of the app there can be minor latency issues in less powerful 
devices.  This is because unlike a native app, the user’s actions on the 
webpage must go through the browser component of the app before 
interacting with the rest of the app and the device’s platform.  Part of 
the aim of a mobile web framework is to speed this process up. 
o If the web sections of the app are housed on an external server, latency 
issues may be more noticeable because the browser must send a data 
request across a network to the server and the server must respond by 
sending back the requested data.  In major cities this may be barely 
perceptible because here networks are often fast, but in regional and 
remote areas where networks are often slower this can result in the app 
appearing to slow down or to have stopped functioning momentarily. 
o In the case where the web sections are housed on an external server 
the contents of these sections are only available when the device has 
internet connection. 
o If the web sections are fully loaded onto the device as part of the app 
updates to these sections are reliant on the whole app being updated.  
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If the web section is directly related to or should match web content 
external to the app there is no guarantee that this will be the case long 
term; and unless the app is updated there could be loss of 
synchronization of the web content. 
o The website sections of the app are connected with the native sections 
of the app through Views (a View represents a screen in an app).  An 
app can have a number of different types of Views and two of them 
are a WebView and a TextView. A WebView can replace a native 
app’s normal TextView when web content is to be included as part of 
the app.  The WebView displays a website or web pages. But a 
WebView is more sophisticated than a regular TextView providing a 
greater variety of formatting.  The price paid for this capability though 
can be speed, because a WebView potentially uses more memory than 
a TextView.  So there sometimes may be a trade-off that takes place in 
hybrid apps: speed versus whatever advantages there are to use the 
Web (Burnette, 2010). 
 
The app’s future usefulness 
Our School wishes to include the app as part of the suite of learning resources 
available to future programming classes.  To be able to officially make the app a part 
of the unit’s permanent learning resources it must be accessible to the whole class, 
both internal and external enrolments. Two policies must be complied with the meet 
this requirement: CDU’s Equal Opportunity Policy and CDU’s Mobile Application 
Development Policy. These policies are discussed next. 
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Compliance with CDU’s Equal Opportunity Policy 
More than 60% of all students enrolled at CDU study externally; and CDU has 
a very strict equity policy regarding accessibility of learning materials to all students. 
Because of this the issue of accessibility had to be addressed in the app’s design if it 
was to be included as part of HIT211’s learning materials after the study. What about 
students who own devices that don’t support either iOS or Android platforms, such 
as a BlackBerry or Windows Mobile phone?  And what about students who don’t 
own smart phones? How could they access the resource? The final product would 
have to be made available to these students in some form because they should be able 
to access to all learning materials that are made available to internal students (CDU, 
n.d.).   
Compliance with CDU’s Mobile Application Development Policy 
CDU’s Mobile Application Development policy notes that “CDU Mobile is 
focused on a device-agnostic framework that stipulates only that the mobile device be 
web enabled. This approach allows the University to reach the vast majority of our 
mobile community regardless of what device they are using and can readily 
accommodate ever-changing devices” (CDU, n.d.).  All online learning materials 
released to students must be capable of being accessed via the Web, regardless of the 
user’s device or device platform.   
Development and maintenance costs 
As mentioned earlier in this chapter when discussing native apps, choosing to 
develop for only one or two mobile platforms is a gamble. If the choice isn’t a 
winning one it could prove to be costly. At the start of development time, our School 
owned mobile devices that ran on two platforms, iOS and Android. For any future 
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device purchases, we did not wish to be restricted to only these platforms. Our aim is 
to also expose students to any significant platforms of the near future that are as yet 
unknown or unnoticed by us. Since all app development and maintenance of devices 
within our School was undertaken by teaching staff, this cost would include both 
finances and staff resources. Because of this any development would need to be 
flexible enough to accommodate a range of devices and platforms, and both 
development and maintenance time would need to be kept to a minimum.  
 
A native app for this study would have involved developing two fully 
independent native apps; one for the iOS devices and another for the Android 
devices.  Although the educational content could have been duplicated, the actual 
development time would have been almost doubled.  This meant that any future 
maintenance of the app could potentially require double the work effort.  Also, if the 
School purchases devices that run on platforms that are neither iOS nor Android, app 
development for those devices would need to be started from scratch. 
Unresolved wireless network connectivity issues in the teaching space  
Throughout 2011 and 2012, students experienced difficulties when attempting 
to connect to the student Wi-Fi network from within the learning space. Because of 
this the network couldn’t be relied upon to provide consistent access to a web app 
housed on the School server. To overcome this, the web site was loaded on to the 
devices as part of the app and not hosted on the server. This decision to load the site 
on to the device as part of the app overcame any connectivity problems and ensured 
that students had access to the app each week regardless of whether or not the 
network issue had been resolved. 
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The final development choice: a hybrid app 
Each of the three above development choices has its own merits, and one is not 
intrinsically superior to the others.  The final development decision was to build a 
hybrid app. This decision was not just the result of hardware/software choices but 
because the other factors listed above outweighed the advantages of a particular 
choice and these therefore influenced the decision.  
 
The solution to accommodating all these factors was to build a hybrid app, a 
website housed within a native app. The website was fully loaded as part of the 
hybrid app onto the smart phones for use during class times, bypassing the need for 
network connection. See Figure 4-12 below for a view of the app’s structure and how 
it appears on a device. This figure shows the website based on the web framework 
and housed inside the native app. A copy of this site would ultimately be housed on 
the School’s server and made available to all students through any browser regardless 
of the device they used.  This still required the development of two apps; one for 
Android and one for iOS, although the native portion of the app was considerably 
smaller than the web portion. The part of the hybrid app that is web-based is identical 
across devices and platforms so the development for this part of the app didn’t have 
to be duplicated. For the purpose of the study, only the app on the Android and iOS 
devices was made available.  The website on the School’s server was not made 
available until after the class’s involvement in the study had finished. 
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Figure 4-12 High level structure of the architecture used and a screen shot of 
the app on a smart phone. 
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Low-level design issues and decisions  
 
High level decisions concerned the type of app to be developed and external 
issues affecting this. But once these were resolved there were a number of other 
matters to be considered, ranging from the nature of the app to unique usability issues 
associated with mobile devices to the choice of a mobile web framework. The 
following discusses these issues and how they were addressed. 
The nature of the app 
The app was to be part of the suite of learning materials available to students in 
HIT211. Because the primary use of the app would be during class times it was 
decided to provide a resource that might give students something that potentially 
could inspire confidence when completing set tasks and during times of group or 
class discussion – like a tutor sitting by your side with whom you could quickly 
confer when the need arose. It wasn’t designed to draw a student’s attention away 
from whatever the class was currently involved in, for an extended length of time. Its 
intent was to give them a resource quickly accessible to view a concept explained in 
a few words, or to jog their memory about how to write an aspect of code or to 
encourage participation in group or class discussion.  The app’s nature has direct 
impact on its content. 
Content 
The app was not intended to replicate existing learning resources. Instead, 
subject matter chosen to be part of the app was complimentary to established unit 
content and all code examples were unique to the app itself, not found anywhere else 
in the repository of materials for the unit.  The main content headings of the app 
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correlated to the modules of teaching within the unit for which it was designed. It 
contained a combination of short explanations, helpful reminders, many examples of 
code and some quizzes. Content structure was kept simple and repeated across the 
app so that it would be easy to remember where content is. It also could be accessed 
and read quickly to assist in either understanding something under discussion or aid 
the completion of a set task. A search function was also included to assist students to 
quickly find resources. 
Uniquely mobile considerations 
When building any app, whether it is native, web or hybrid, there are a number 
of unique aspects of mobile devices that must be taken into consideration ranging 
from the user interface (e.g. screen size), deployment, types of user interactions to 
limited operating system resources.  Such issues are discussed further below and any 
impact that using a web framework had on these along with any adjustments that 
were required to successfully develop the app. 
 
Chittaro (2011) discusses a number of aspects of mobile devices that should be 
considered in designing the user interface. The first are directly related to the device 
and its difference from a larger machine such as a desktop or laptop computer: screen 
size and contrast. The second set of considerations is related to context of use: 
potential mobility of the user, length of interaction and number of devices in use. 
Device Considerations 
Screen size 
Development for a small screen mobile device such as a smart phone presents 
its own set of challenges. Text must be large enough for users to easily read but small 
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enough for a page to hold an adequate amount of information.  Too little information 
on a page and a user would become frustrated and may lose interest or motivation in 
continuing to use the app. But attempting to squeeze too much information onto any 
single screen also can have a negative impact on the user: the more text there is the 
smaller the font must be and the harder it becomes to read. Part of each screen is 
necessarily taken up with navigation elements so the actual amount of screen real 
estate left for content is less than 100% of the screen size. Using a web framework 
helped here because the default sizes of fonts and widgets
14
 within the framework 
reflect established best practices for mobile device development.  Apple Corporation 
provides the most comprehensive set of HCI standards for mobile devices in its 
Human Interface Guidelines (Apple Inc., n.d.).  JQuery Mobile has developed its 
visual components to closely align with Apple’s specifications saving a developer 
much time that would otherwise have to be spent ensuring the user interaction 
elements of the site are an accessible size. 
Contrast 
Most times, when a mobile device is in use, it is untethered from a battery re-
charge source and there are many settings and running processes on the device that 
are potential battery drainers.  A bright screen also will result in fast battery drainage. 
To counteract this, users often set the brightness of the screen to be considerably less 
than maximum brightness to preserve battery life.  Developers must then be careful 
to ensure that contrast between foreground and background elements on the screen is 
enough to maintain readability even when brightness is diminished.  This was taken 
                                                 
 
14
 Widget – this refers to any element on the screen or a component of an interface, for example a 
table, a check box or a button.  It is something that helps the user to perform a task on a device. 
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into consideration when developing the app for this study and an online colour 
accessibility checker that conforms to W3C accessibility standards was used to check 
contrast (Snook, n.d.). The colour scheme used in the app complies with Web 
Content Accessibility Guidelines as defined by World Wide Web Consortium (W3C, 
n.d.). [See Appendix D for the results of the accessibility test for colours.] 
Context of Use Considerations 
Potential mobility of user while using the app 
Mobility of the user is enabled by the small size of a mobile device and its 
being untethered from a power source.  To accommodate for this it is important to 
ensure that the content on an app screen remains stable during movement. One way 
to ensure visual stability of an app is to lock its screen orientation. This could be 
achieved in this app because the app is partly developed using code native to the 
device’s platform and orientation lock is a setting that can be enabled in the native 
part of the app. Also, using a JavaScript function, web pages within the app have 
been prevented from scrolling. The result is that no matter how the device is moved 
during use the app remains at portrait orientation and the page content remains stable 
too. The only page that doesn’t fully conform to this is the Search page; because it 
contains a long list of topics it allows scrolling. 
Length of interaction 
Interaction time on a mobile device is often more limited than with a large 
screen device therefore extraneous content must be removed so that at first glance 
relevant content is noticeable.  Instead of using full sentence structure, much of the 
content within the app is presented using short phrases and lists. These are easy for 
the user to scan and read. 
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Context of use 
The mobile device may not be the primary device in use.  Sometimes these 
devices are used as complementary devices while a student learns. For those students 
participating in this study, the primary device was a laptop on which students carried 
out software development.  The smart phone was a peripheral device.  It was 
therefore important for the app to have a very simple interface, simple text and fast 
response time. 
Choice of a suitable Web Framework for site development 
The decision to build a hybrid app gave rise to a number of choices for 
development of the embedded website. It was important to choose a web framework 
that would work effectively across multiple mobile platforms and that had good 
developer community support. Using such a framework would minimize 
development time when building a similar app for platforms other than iOS or 
Android and help towards future proofing our learning materials. 
As stated earlier, building a website that displays correctly and is usable on 
such a small screen as is found on a smart phone offers some challenges.  Not all 
smart phones have the same size screen and they don’t all use the same type of 
mobile browser.  Browsers interpret web page code differently and this can cause 
even a very well organized web page to display quite differently from what the 
developer intended.  Added to this, not all browsers have equal support for the newer 
HTML, CSS and JavaScript technologies. 
Also, the quality of both the device’s processor and network connectivity affect 
page load time of web pages. All of these should influence the development 
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decisions of any website.  So the search began for the best course to take in 
development of the site. 
A new approach to designing websites for optimal accessibility regardless of 
the screen size and resolution of the hosting device appeared in May 2010.  Instead of 
trying to support each user agent of a site with an individualized solution (i.e. 
separate sites for different devices or browsers), the approach aimed to be flexible 
and change in response to the current state or changes of the browser.  This meant 
that display and functionality were partly driven by the hosting browser.  
The approach was called Responsive Web Design and first coined by Ethan 
Marcotte (2010) in an article he wrote for A List Apart, an online magazine well 
respected within the international Web industry. It has its roots in what is called 
Responsive Architecture. “The common definition of responsive architecture, as 
described by many authors, is a class of architecture or building that demonstrates an 
ability to alter its form, to continually reflect the environmental conditions that 
surround it.” (Sterk, 2003). 
In theory, Responsive Web Design means that a site is fluid enough to adapt to 
the browser that is displaying it.  To date this has partly been achieved.  Since the 
early days of Cascading Style Sheets (CSS) web pages have been able to gather 
information about the browser that is rendering the page through the “media” 
attribute (W3C, n.d.). There is also a module within CSS called Media Queries that 
provides a mechanism for developers to specify different display rules according to a 
browser’s screen width, height or colour.  This doesn’t limit the availability of 
content, but it can be used to manipulate display depending on information gathered 
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about the hosting browser. It can even respond to a change in a device’s orientation 
(W3C, n.d.). 
The web framework chosen for this app was jQuery Mobile and the above 
design approach forms one the foundations of this framework (jQuery Foundation, 
n.d.). JQuery Mobile has stable functionality on most mobile platforms, including 
smart phones, tablets, e-Readers and just as important, it will still work on older 
versions of these platforms and also desktop machines. It is a well-documented and 
broadly tested framework. For the sake of both functionality and efficiency this was 
considered to be the best choice. 
The framework consists of an online library of CSS and JavaScript files that 
can either be linked to the web pages of the app or else downloaded to become part 
of the website’s files. Because of the persistent network difficulties associated with 
the learning space the framework was downloaded and installed as part of the app.  
 
To test the framework, a smaller trial app was developed first. Its content 
covered the VB.net programming language.  This app was loaded onto the smart 
phones and tested by students in a class, semester 1 2012.  This trial primarily tested 
functionality and content coverage of the app on the devices. Changes and 
corrections were made to the final app (included in the study and focused on the Java 
programming language) as a result of informal feedback from students in this class. 
How screens were developed using the web framework 
Although the app appears to be comprised of over 200 individual screens it is 
actually only 8 web pages. It consists of a start-up screen, six content pages and a 
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search page.  Each apparent screen and the associated transitions are achieved 
through HTML5, CSS3 and JavaScript using the jQuery Mobile framework, with the 
addition of custom CSS and JavaScript to give the app a unique look-and-feel and 
add to its functionality. 
An overview of a screen 
An example of how each screen is built is shown below in Figure 4-13.  The 
example is a screen within the Control Flow section of the app showing types of 
Branching statements. All individual screens are defined within an HTML 
<section> element and there are 35 of these elements on this particular web page, 
making up the Control Flow section of the app, each <section> element 
representing a unique screen in the App.  Every section has its own <header>, 
<div> and <footer> elements.  The <header> is the container that holds the 
title icon to show which part of the app the user is currently in, a screen title and a 
navigation link to return to the Home screen.  The <div> element holds the main 
screen content, and the <footer> holds backwards navigation and the search 
facility icon.  
Figure 4-13  HTML code that creates a single screen within the app 
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Figure 4-14 (below) is the screen that results from the code in Figure 4-13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Transitioning between screens 
Transitions between screens are also part of the web framework used.  
Hyperlinks or anchor elements (<a>) enable a user to go back and forth between 
different parts of a web page (or to another page entirely). Using this framework, all 
<a> elements have an attribute called data-transition.  This attribute can have 
a number of different values: slide, slideup, slidedown, pop, fade and 
flip, which can mimic the transitions of a Native App.  Default transitions are left 
to right and down to up, etc., but these can be reversed by use of the data-direction 
attribute within the same anchor element <a>.  data-direction=”reverse” 
will produce the reverse of the transition specified for that element.  This gives the 
Figure 4-14 The screen that is created from Figure 4-13's code 
 116 Chapter 4: The Design of the App 
user the sense of progressing through screens in a section of the app or returning back 
to earlier screens. 
Ajax and HTML Application Cache 
The website is at present fully loaded on the devices as part of the hybrid app.  
This was done because of the teaching space’s unresolved network connectivity 
issues. If the site had been housed on a School server and network connection failed 
the app might not have displayed all content, or it might not have displayed the latest 
content. In the future, to provide universal access and to minimize maintenance time 
the site will be moved to a School server and the app will be amended to reference 
the hosted site. When this happens the full functionality built into the site will be 
operational. There are two specific technologies that when combined significantly 
add to the usability of the app when the site is hosted on a server: Ajax and HTML 
Application Cache. 
 
Using Ajax 
Normally, when a web page is displayed in a browser the whole page is shown.  
But in the case of this app, only small parts of the page are loaded for view at any one 
time. Whichever screen is loaded depends on which screen the user chooses. As 
stated above, the Control Flow segment of the app, which is a single web page of 
code, has 35 screens. A single screen would naturally load much faster than 35 
screens together and being able to load only a small portion of any page helps the app 
run faster, enabling it have a better integration with the native side of the app. This is 
achieved through a mechanism called Ajax (Asynchronous JavaScript and XML).  
Ajax is a grouping of technologies that enables the exchange of small amounts of 
data between a browser and a server without loading a page fully. It improves the 
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speed of page load because there are only small amounts of data being transported 
across the network at any one time. 
This technology is used by companies such as Google, for Google Maps; and 
Facebook.  For example, when a user enters a new search term for a map or zooms in 
on a map using Google Maps,  the whole page doesn’t reload to display the changed 
map; only the map changes (Mahemoff , 2008).  On Facebook, when a page first 
loads only a limited amount of content is loaded and as a user requests more by 
selecting certain options more data is downloaded. The technologies in use are 
HTML, CSS, a scripting language such as JavaScript to access the HTML and CSS, a 
format in which to send data (XML, JSON or even plain text) and XMLHttpRequest, 
a JavaScript object, to request the data (W3C,  n.d.; Objective HTML. LLC, n.d.).  
Without the use of Ajax, even a small amount of content change on a page 
would result in the entire page being reloaded. A page reload would result in the 
background being redrawn, and all files reloaded, including images. Exceptions to 
this are cases where the page has been previously cached
15
 by the browser. But 
caching is limited and different across individual browsers and is not permanent 
storage, and therefore can’t be relied upon at all times. This page reload can carry 
with it heavy overheads, especially if the page has a lot of content or many images 
and associated files. This can become visually irritating to the user and can slow their 
use of the page. 
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 Caching: a browser has a cache (or storage space) that can hold previously received data from a 
server. If this data is requested again, it can be loaded from the cache instead of being transported from 
the server again, improving the responsiveness of a web page. 
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Ajax solves this problem for every content screen accessed in the app, every 
time, independent of any caching that the browser may have or may not have done.  It 
achieves it the following way. In Figure 4-13 the <section> element contains the 
following attribute and its value: data-role="page".   
<section data-role="page" id="continue" class="topic">  
. . . </section> 
Ajax recognizes this attribute and value pair (data-role="page"), and 
working from the top line of the HTML file it finds the first element that contains 
this attribute and value pair and loads only that element, instead of loading the whole 
page.  Then as the user navigates between each element that contains this pairing, 
only the targeted element loads for view.  This can save bandwidth between browser 
and server, improving the responsiveness of the browser. 
When the link is to another web page or even a section of another that uses 
Ajax, Ajax is not used for the transition to that page even if the target web page also 
uses Ajax itself. If the target page does use Ajax then it begins its work during page 
load time on that page, independent of the previous page. 
The following code is a link that returns the user to the start page of the app 
and it shows an example of the code specifying not to use AJAX: 
<a href="../index.html" data-icon="home" data-
iconpos="notext" data-direction="reverse" class="ui-btn-
right jqm-home" data-ajax="false"> Home</a>. 
Figure 4-15 on the following page shows when AJAX is used and when it isn’t 
used, as a user navigates through the app. 
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HTML5 Application Cache 
Another recent web technology that has been used in the app and will impact 
its use when the site is moved to the School server is Application Cache, part of 
HTML5 (WHATWG, n.d.).  
Because all pages within a site aren’t automatically cached by browsers when a 
user visits just one page of a site, a mechanism has been developed that will cache as 
much of a site as a developer specifies even though only a single page within the site 
may be the only one accessed by a user.  This means that potentially, a whole site can 
be downloaded into a browser’s cache while the user accesses only one page.  This 
can be very useful for people who don’t always have internet connection and can 
enable a hybrid app to continue functioning undisrupted without continued network 
access (or what is termed offline). (W3C, n.d.) 
This is achieved by way of a file named a Manifest or Application Cache 
Manifest file. This file is linked to whichever pages of your site that you choose and 
Figure 4-15 Showing when AJAX is and isn't used for navigation within the app 
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contains a list of web pages and files that should be downloaded in the background 
when a user first loads the web page.  A developer can also specify which files 
require a network connection for access and also a list of secondary resources that a 
user can access if there is no network connection (a type of fallback or safety net). 
When the app connects again to the network any web page files listed in the Manifest 
that require updating are automatically updated without any user intervention.  This 
would ensure that content in the hybrid app would be as up-to-date as the website 
accessed just via any browser on any machine. Figure 4-16 below shows a sample of 
the app’s manifest file. 
 
 
 
 
 
Figure 4-16 Sample view of the app's manifest file 
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Summary 
This chapter described the app that was developed as part of the study 
including its context, functionality, appearance and design. It explained the decisions 
behind the final choice for development and what was taken into account in building 
for the mobile domain, and how this was all achieved. 
Chapter 5, the ensuing chapter, shows the results of the app’s inclusion in class 
tests and any comparisons between class grades that this may have affected. 
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Chapter 5:  Results and Analysis 
Introduction 
As described in the introduction (chapter 1) one of the aims of the thesis was to 
discover what benefits there are for students, both academic and engagement wise, 
when hand-held devices are included in their learning. This chapter discusses the 
means used to measure the hand-held devices’ impact on student learning. Both 
quantitative and qualitative analyses were involved in this discovery. Quantitative 
data was collected from tri-weekly test results and exam results. Qualitative enquiry 
was via an end of semester exit survey. This chapter firstly presents an overview of 
the results of the analysis, followed by a brief description of the participants in the 
study. After these are the details of the analysis of the tri-weekly tests, comparisons 
of class exam results and student responses to the study’s exit survey. The chapter 
seeks to understand the data presented through these means individually and to 
discover any connections between them. 
It is important to note here that the study was carried out on very small 
numbers of participants and therefore no statistically valid inferences or conclusions 
could be arrived at from this analysis outside the context of the study. 
Results in general 
The outcomes of the analysis show that using the app brought about a small 
improvement in students’ test results. (A larger study could show more conclusive 
results, but a small class naturally limits the statistical validity of any claims made in 
this study.) 
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Using the app may have also helped students who knew at least part of the 
answer to a question to arrive at a more correct or complete answer. When a student 
used the app to help complete a tri-weekly test their test results were more closely 
aligned with their exam results; and smart phone owners benefitted more from the 
use of the app during tests than non-owners. Students also benefitted the most when 
using their own device during tests.  
Participants  
The class involved in the study were students enrolled internally in an 
introductory programming unit. There were 34 internal students and twenty-five of 
these agreed to participate in the study. Of these twenty-five, 21 students completed 
one or more of the tri-weekly tests. Sixteen of these 21 students sat the final exam. 
Fifteen out of these 16 students also completed the exit survey.  Therefore this 
chapter involves three groupings of the participants: 
o 21 students – those who completed one or more of the tests 
o 16 students – those within the 21 who completed the final exam 
o 15 students – those of the  16 participants who also completed an exit 
survey 
Means of analysis 
Tri-weekly tests 
The tri-weekly tests were formative assessment used in the class and these tests 
were completed in weeks 3, 6, 9 and 12 of the semester.  The duration of each test 
was approximately 20 minutes. Students then handed in their test papers which were 
immediately scanned to a .pdf file (for later analysis) and their tests returned to them. 
The class then generally formed into small groups and worked through each question 
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in the test, discussing what the correct answers were and why. The tests were used as 
a tool to help true learning take place in the workshop. 
The scanned test copies were graded privately after classes had finished and the 
results were not released to students. Questions were not multiple choice. They 
covered concepts and their application that had been taught in the previous three 
weeks of the semester. 
 
Note: the marks allocated to students for each test will seem quite low.  
Because these tests were used as a gauge to help determine how much students 
understood, I used a very strict marking scheme seen only by myself.  Students were 
unaware of this marking scheme and therefore unaffected by it.  The criteria against 
which the answers were marked would be unrealistic in a summative assessment; and 
exam marking would not of course be so exacting because allowances are then 
generally made for the context of the test. A sample marking rubric can be found in 
Appendix E. 
Resolving variation in device quality for tri-weekly tests 
Within the first two weeks of semester the students discovered that the quality 
of each hand-held device affected how well the app performed on it.  The app 
performed well on all iPhones and all Samsung Galaxy devices owned by the School.  
But the School’s HTC and Huawei devices had performance issues.  The processing 
power of these latter devices wasn’t comparable to that of the iPhones and Galaxy 
phones; it was noticeably less.  The ‘Search’ page in particular was slow to load on 
the HTC and Huawei phones due to these pages containing much more content than 
other pages within the app.  Because of this issue, Search content was reduced and 
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the revised app was re-loaded onto all phones before the first test. Although all 
devices were made available throughout the semester, only the twelve iPhones were 
used during test times, because of this disparity in performance. This was done in an 
attempt to lessen the impact that different phone types and processor speeds could 
have on students’ test results.  
Exam results  
Final grades were available after the class’s final semester results were 
calculated.  These results included individual assignment results, exam results and 
final grades. Assignment results and final grades were not included in the analysis 
because there were a significant number of plagiarism cases in the first assignment. 
Plagiarism generally results in a zero mark for a submission. This therefore affected 
the involved students’ assignment marks and consequently their final grades. 
Plagiarism had no impact on students’ exam results.  Therefore comparisons were 
only carried out between the tri-weekly tests and the final exam results. 
The exit survey  
A student takes away more than just academic achievement from a unit of 
learning.  They are also concerned about their overall satisfaction with the unit, 
including how much they felt they could actively participate in their learning. 
Universities also are concerned with not only academic achievement of 
students but also levels of student satisfaction from study and areas of potential 
improvement within units of study. Therefore the survey was primarily concerned 
with discovering student acceptance of the devices and the app and also what 
potential benefits and challenges both presented to their learning. (See Appendix C 
for the list of survey questions.) 
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Tri-weekly test results 
Participants: general information and group allocation for tests 
For each test, students were randomly assigned to one of two groups: 
1. Those who had access to the app on a hand-held device during the test 
 This group is referred to hereafter as the ‘access’ group 
2. Those who had no access to the devices during the test 
 This group is referred to hereafter as the ‘non-access' group 
 
As a consequence of this random selection process, not all students had the 
opportunity to use the app during tests; and some students used the app for all tests 
they participated in.  There were four tests throughout the semester, each valued at 10 
marks giving a total of 40 possible marks. Twenty-one students were involved in the 
tests.  Listed in Table 5-1 below are their general and device usage details: 
Table 5-1 General Participant Information and Device Usage during Tests 
Students who completed at least one of the four tests 21 
Students who used a hand-held device for at least one test AND also 
completed at least one test without a device 13 
Students who used the hand-held devices for all tests  3 
Students who never used the devices for any tests 5 
Students who sat all four tests 7 
 
Tri-Weekly Tests Overviewed 
 
Following is a summary of average results for the four tri-weekly tests (weeks 
3, 6, 9 and 12). In week 3, the first test, the ‘non-access’ group had the higher test 
results. But for each of the ensuing three tests (weeks 6, 9 and 12) the ‘access’ group 
achieved better results. 
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Week 3 (the first test) saw the ‘access’ group achieve results a just little behind 
the ‘non-access’ group. The difference between groups was 0.63%. This was also the 
week in which the two groups’ averages were the closest. Table 5-2 below shows the 
average results for both groups and also the difference between them. 
Table 5-2 Average results for week 3 test (marks are out of 10) 
All students 3.219 
Students who used the app (‘access’ group) 3.188 
Students who didn’t use the app (‘non-access’ group) 3.250 
Difference 0.063 
Difference as % 0.63% 
 
 
Week 6 (the second test) saw the ‘access’ group achieve better than the ‘non-
access’ group by 10.4%.  This was the test for which the difference between the 
groups was the greatest. Table 5-3 below shows the average results for both groups 
and also the difference between them. 
Table 5-3 Average results for week 6 test (marks are out of 10) 
All students 4.201 
Students who used the app (‘access’ group) 4.722 
Students who didn’t use the app (‘non-access’ group) 3.681 
Difference 1.042 
Difference as % 10.4% 
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Week 9 (the third test) again saw the ‘access’ group achieve better results 
(1.67% better) than the ‘non-access’ group, although it can be seen from the lower 
overall results that all students found this a hard test. Table 5-4 below shows the 
average results for both groups and also the difference between their averages. 
 
Table 5-4 Average results for week 9 test (marks are out of 10) 
All students 2.590 
Students who used the app (‘access’ group) 2.667 
Students who didn’t use the app (‘non-access’ group) 2.500 
Difference 0.167 
Difference as % 1.67% 
 
Week 12 (the fourth test) again saw the ‘access’ group achieve better results 
than the ‘non-access’ group by 2.86%. Table 5-5 on the following page shows the 
average results for test 4 for both groups and also the difference between their 
averages. Table 5-5 below shows the average results for both groups and also the 
difference between their averages. 
Table 5-5 Average results for week 12 test (marks are out of 10) 
All students 5.476 
Students who used the app (‘access’ group) 5.619 
Students who didn’t use the app (‘non-access’ group) 5.333 
Difference 0.286 
Difference as % 2.86% 
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Comparison of all 21 students’ tri-weekly test results 
Table 5-6 below is a summary table that shows how much students performed 
better when using the app for the tests than when not using the app. 
Table 5-6 Summary of result differences per week for both groups for all 21 participants and 
overall averages 
 All 21students ‘Access’ group ‘Non-access’ group 
Week 3 3.219 3.188 3.250 
Week 6 4.201 4.722 3.681 
Week 9 2.590 2.667 2.500 
Week 12 5.476 5.619 5.333 
Average result 3.8715 4.049 3.691 
Percentage by which the ‘access’ group performed better than 
the ‘non-access’ group when averaged over all four tests 
3.58% 
 
Comparison of test results for the 13 students who had the opportunity to 
be part of both an ‘access’ group and a ‘non-access’ group 
As stated earlier, because the allocation to either the ‘access’ or ‘non-access’ 
group for each test was random, not all students ended up having the opportunity to 
be part of both an ‘access’ group and a ‘non-access’ group; although 13 out of the 21 
students did have this opportunity. The following analysis is of those 13 students. 
On average, the 13 students achieved slightly better results when part of an 
‘access’ group than when part of a ‘non-access’ group (i.e. when using the app than 
when not using it for the tests). See Table 5-7 on the following page: 
 Chapter 5: Results and Analysis 131 
 
Table 5-7 13 students who had the opportunity to both use and not use the app for tests 
Average mark when part of an ‘access’ group 4.092/10 
Average mark when part of a ‘non-access’ group 3.889/10 
Percentage Difference  2.03% 
 
 
The results of both the whole group (all 21 students) and the sub-group of 13 
are very similar, as shown in Table 5-8 below: 
Table 5-8 Comparison of 13 students results to the whole participant group (21 students) 
Averages 21students 13 students 
Average when in ‘access’ group 4.049 4.092 
Average when in ‘non-access’ group 3.691 3.889 
% by which ‘access’ group achieved better results 3.58% 2.03% 
 
Within this smaller group of students, although on average their marks were 
higher when using the app during tests, it was found that this wasn’t a universal 
outcome. More students benefitted from using the app than didn’t benefit, but the 
results are still mixed. Close to two-thirds benefitted more when using the app, but 
that still leaves a little over a third of the participants who didn’t. See Table 5-9 
below for percentage comparisons. 
 
Table 5-9 Comparing improvement or non-improvement when using the app to when not using 
the app among the 13 
Number of students who average better marks when in an 
‘access’ group (using the app) 
8 (62.5%) 
Number of students who averaged better marks when in a 
‘non-access’ group (not using the app) 
5 (38.5%) 
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Tests 1 and 4: general comparison for improvement in results 
A comparison was also performed on the first and last tests to discover if 
familiarity with the app led to a greater benefit from its use during a later test. When 
students sat the first test (in week 3) they’d only been using the app for a very short 
period of time, but the fourth test was in week 9 and over the intervening weeks 
students had opportunity to become quite familiar with it. Ten students sat both the 
first and last tests. 90% of these 10 students achieved better marks in the final test 
than the first test. The improvement from test 1 to test 4 was 21.05%. 
Within this group of 10 there were 7 students who were either part of the 
‘access’ group for both tests or part of the ‘non-access’ group for both tests. Overall 
improvement of both these groups from test 1 to test 4 is very similar (20 – 21%).   
The difference between the two groups – those who did both tests 1 & 4 – is 
that all students (100%) in the ‘access’ group showed improved marks in test 4, 
compared to 75% of those in the ‘non-access’ group. See Table 5-10 below for 
details. 
 
Table 5-10 Comparison between Tests 1 & 4 
 
# of 
students 
Average 
mark for 
Test 1 
Average 
mark for 
Test 4 
Marks higher 
in Test 4 than 
Test 1 
Improvement 
from Test 1 to 
Test 4 
All students 10 3.4 4.6 90% 21.05% 
‘Access’ group  3 2.5 3.17 100% 21% 
‘Non-access’ 
group 
4 3.25 4 75% 20% 
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Comparison between those who were always part of an ‘access’ group and 
those who were always part of a ‘non-access’ group for tests 
As mentioned earlier, there were 3 students who were in an ‘access’ group for 
all tests and 5 students who were in a ‘non-access’ group for all tests. From the three 
students who were always in the ‘access’ group, only one of these sat more than one 
test.  Of the students who were always in the ‘non-access’ group, 3 out of 5 sat more 
than one test.  Their improvement rates from the first test to the last test they sat are 
similar for both groups: 
 The one student who sat more than one test and was only ever part of an 
‘access’ group – 14.4% improvement 
 3 students who sat more than one test were only ever part of a ‘non-access’ 
group – 13.56% improvement 
Comparison of questions attempted and percentage of correct answers 
A comparison was carried out to determine firstly whether using the app gave a 
student more confidence to attempt to answer individual questions on the tests, 
regardless of whether or not the answer was correct; and secondly to find out if the 
app assisted in helping a student arrive at a more correct answer.  
As it turned out, both the ‘access’ group and ‘non-access’ group members both 
attempted 133 out of 165 questions so having the app available to them didn’t give 
students more confidence or encouragement to attempt an answer during a test.  
When comparing the percentage correctness of answers the ‘non-access’ group 
had more questions answered half correct (non-access: access - 56:39).  Both groups 
had a very similar number of questions that were 75% correct (non-access: access - 
15:16). Although, the ‘access’ group got more questions fully correct (non-access: 
access - 52:36). See Table 5-11 for more details. 
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Table 5-11 Number of attempts and correct answers to test questions 
 
week 3 week 6 week 9 week 12 Total 
# of questions per test 48 40 35 42 165 
Answer was attempted 
‘access group’ 31 37 34 31 133 
‘non-access group’ 35 36 28 34 133 
Answer was 0% correct 
‘access group’ 6 7 11 2 26 
‘non-access group’ 8 7 6 5 26 
Answer was 50% correct 
‘access group’ 9 7 18 5 39 
‘non-access group’ 15 18 18 5 56 
Answer was 75% 
correct 
     ‘access group’ 0 7 3 6 16 
‘non-access group’ 1 3 3 8 15 
Answer was 100% correct 
‘access group’ 16 16 2 18 52 
‘non-access group’ 11 8 1 16 36 
 
 
Summary 
There was a small improvement in students results when using the app for 
tests, compared to not using it (3.58% for the whole participant group of 21 students 
and 2.03% for the group of 13 who had the opportunity to be members of both the 
‘access’ group and ‘non-access’ group for tests).  There is also a possibility that 
while using the app didn’t make a difference to whether or not a student attempted to 
answer a question, using the app may have helped students to arrive at a more 
complete answer than would have been possible without it. 
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Was there a correlation between students’ test results when using the app and 
their exam results? 
 
In this section Pearson correlation was used, which is parametrical, in order to 
discover relationships between sets of data. It was used because the numeric values 
being measured were interval scale, giving the ability to measure discrete differences 
between them. 
Of the 21 participants who completed at least one tri-weekly test, 16 sat the 
final exam.  Therefore any comparison between tests and exam results involves only 
these 16 students.  Table 5-12 below gives more detailed information about the 
group. 
 
Table 5-12 Students who both completed tests and sat the final exam 
Students who sat the final exam 16 
Students who were part of both an ‘access’ and a ‘non-access’ group 12 
Students who were only part of either an ‘access’ or a ‘non-access’ group 4 
 
Note: the 12 students who were part of both the ‘access’ and ‘non-access’ 
groups are part of the 13 students in the previous comparison (one of the 13 didn’t sit 
the final exam). Marks for tri-weekly tests and exams have each been scaled to a total 
of 40 for evaluation purposes.  Comparisons were carried out to determine any 
association between student test results and final exam results, either when in an 
‘access’ group or in a ‘non-access’ group. 
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Comparison of test results and final exam for all 16 students 
Thirteen of the 16 students were in an ‘access’ group at least once during tests 
and 15 of the 16 sat at least one test while being part of a ‘non-access’ group.  The 
following table and graphs show the whole group of 16 and both these sub groups of 
13 and 15.   
When students were part of an ‘access’ group their test results were slightly 
closer to their exam results, than the ‘non-access’ group. 
The average mark when part of an ‘access’ group was 16% less in the tests than 
the exam, and when part of a ‘non-access’ group the average mark was 22% less; a 
difference of 6%.  Correlations are moderate to strong between exam and test results 
with a slightly stronger correlation existing between the ‘non-access’ group’s results 
and the exam results (r = +0.754). Table 5-13 below shows more detailed 
information about the comparisons between the groups. 
 
Table 5-13 Comparison of Exam and Test results for all 16 students who both completed the tri-
weekly tests and the final exam 
 All 16 students 
Who were part of 
an ‘access’ group  
(13 students) 
Who were part of a 
‘non-access’ group 
(15 students) 
Av. Exam mark /40 25.1 24.46 24.77 
Av. Test mark  /40 12.71 18.02 15.98 
Difference in average 
between exam and tests 
12.39 6.44 8.79 
Difference as a percentage 31% 16% 22% 
Correlation r =  +0.555 r = +0.695 r = +0.754 
 
 
 
The following page provides a graphical display of the results showing the 
above correlations more clearly. See Figures 5-1 to 5-3. 
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Figure 5-1 below shows the comparison between exam and test results for all 
16 participants who both completed the tri-weekly tests and sat the final exam. 
             
               Figure 5-1 Comparison of Exam and Test results for all 16 students who  
                         both completed the tri-weekly tests and the final exam 
 
Figure 5-2 below displays exam and test comparisons for students who were 
part of an ‘access’ group. 
             
               Figure 5-2 Comparison of Exam and Test results for students who sat  
                            tests and were part of an ‘access’ group (13 students) 
 
Figure 5-3 below shows exam and test comparisons for students who were part of a 
‘non-access’ group. 
             
              Figure 5-3 Comparison of Exam and Test results for students who sat  
                         tests and were part of a ‘non-access’ group (15 students) 
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Comparison of test results and final exam for the 12 students who were 
part of both an ‘access’ and a ‘non-access’ group 
For this smaller number of 12 students who were in both groups, using the app 
during tests follows slightly more closely to average exam results than when not 
using the app. The average mark for students when part of an ‘access’ group was 
14.54% less than the average test mark, and when part of a ‘non-access’ group it was 
21.33% less; a difference of 6.8%. This time, a very slightly stronger correlation 
exists between the ‘access’ group’s results and the exam results (r = +0.72143). 
Correlations are strong between exam and test results of both groups with little 
difference between correlations of both ‘access’ and ‘non-access’ groups (0.001). 
 
Table 5-14 Comparison of Exam and Test results for the 12 students who both completed the tri-
weekly tests and the final exam and had opportunity to be part of both an ‘access’ and a ‘non-
access’ group 
 All 12 students’ 
tests and exams 
Who were part of 
an ‘access’ group 
Who were part of a 
‘non-access’ group 
Av. Exam mark 24.00 24.00 24.00 
Av. Test mark 14.17 18.185 15.466 
Difference in average 
between exam and tests 
9.829 5.815 8.534 
Percentage difference in 
average 
24.57% 14.54% 21.33% 
Correlation r = +0.74210 r = +0.72143 r = +0.72009 
 
 
 
The following page provides a graphical display of the results showing 
correlations within the smaller group of 12 students. See Figures 5-4 to 5-6. 
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Figure 5-4 below shows the comparison between exam and test results for the 
12 students who both completed the tri-weekly tests and the final exam and also who 
had opportunity to be part of both an ‘access’ and ‘non-access’ group. 
             
                 Figure 5-4 Comparison of Exam and Test results for those who  
               completed the tests and final exam and were part of both groups 
 
Figure 5-5 below shows the comparison between exam and test results for the 12 
students who were part of an ‘access’ group. 
            
               Figure 5-5 Comparison of Exam and Test results for students  
                           who sat tests and were part of an ‘access’ group  
 
Figure 5-6 below shows the comparison between exam and test results for the 12 
students who were part of a ‘non-access’ group. 
            
               Figure 5-6 Comparison of Exam and Test results for students  
                          who sat tests and were part of a ‘non-access’ group  
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Summary 
A general finding has been that when participants used the app in tests (were 
part of an ‘access’ group) their average marks more slightly closer aligned with their 
exam results than when they didn’t use the app (were part of a ‘non-access’ group), 
although the difference between both of these comparisons is small. This is true for 
both the group of 16 and the group of 12. Although a correlation does not show direct 
cause and effect and there are of course many external factors influencing final scores 
for both tests and exams, it appears that there is a relation between what results 
students achieved in tests and their exam results.   
 
Survey Results 
Respondents: general information 
 
Fifteen of the 16 participants who sat the final exam also responded to the exit 
survey.  All respondents completed both the tri-weekly tests and the final exam, 
although this wasn’t a criterion for completion of the survey. The following data and 
comparisons are based on these 15 students. 
The survey was comprised of the following sections (see Appendix 4): 
 General participant information 
 Previous programming study 
 Background of study in a workshop environment 
 Background in the use of hand-held touch screen devices  
 Use of the app during and outside workshop times 
 The “Learn Java” app itself 
 Final comments 
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The 15 respondents were predominately male with the mix of domestic and 
international enrolments being very similar.  All international students (plus 2 
domestic students) had English as a second language.  Eight students were under 25 
years old, six more were under 35 and the last one was under 45.  All males were 
under 35 years.  27% of students were in their first year of study, 60% in their second 
year of study and 13% in their third year. Table 5-15 below provides more detailed 
information: 
 
Table 5-15 General Survey Participant Information 
Gender 
Male 13 86.7% 
Female 2 13.3% 
Age 
Under 25 8 53.3% 
Between 25 & 35 6 40% 
Between 35 & 45 1 6.7% 
Enrolment 
Domestic 8 53.3% 
International 7 46.7% 
Language 
English as first 6 40% 
English as second 9 60% 
Year of tertiary study 
First Year 4 27% 
Second Year 9 60% 
Third Year 2 13% 
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Previous programming study 
13 of the 15 respondents had studied at least 6 weeks of programming before 
they started in the HIT211 unit. 
Background of study in a workshop environment 
12 respondents had studied in a university workshop prior to the HIT211 class 
and all 12 had studied in the e-Learning Studio before.  The average number of 
classes studied in a workshop was three. 
Hand-held touch screen phone ownership and use of the app 
12 of the 15 respondents owned touch screen phones; and 9 of these sat tests 
both using and not using the app. The three remaining students who didn’t own a 
touch phone had not used one previously. Of these three, all were international 
students under the age of 35 and English was their second language.  Two of these 
three students sat multiple tests both using and not using the app.   
In this section, I focus on those who sat tests both using and not using the app. 
Therefore, this involves the 9 touch phone owners and 2 non-owners, a total of 11 
respondents. 
Within this respondent group, both smart phone owners and non-owners 
performed better when using the app than not using it, but owners benefitted more, 
improving by 14.33%, compared to non-owners’ improvement of 3.061% when 
using the app.   
See Table 5-16 on the following page for more detailed information. 
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Table 5-16 Comparison of test marks between owners and non-owners of touch screen phones 
among students who had opportunity to be part of both an ‘access’ and a ‘non-access’ group for 
tests (Total: 11 respondents) (Marks are out of 10) 
 Average when part 
of an ‘access’ 
group  
Average when part 
of a ‘non-access’ 
group  
 % Improvement 
when using app 
All 11 respondents 4.561 3.991 +12.49% 
Phone owners (9) 4.667 3.998 +14.33% 
Non phone owners (2) 4.084 3.959 +3.061% 
 
General acceptance rates of the app among all respondents 
The devices were made available during class times, for all students who 
attended classes throughout the semester. The app was generally well received by the 
respondents although there were some issues with ease of use, content and the app’s 
speed. Table 5-17 below provides more detailed information of acceptance rates: 
Table 5-17 Overview of acceptance rates of the app among the 15 survey respondents 
Smartphone ownership 86.6% 
Agreed that enough opportunity was given to make use of the 
app during class times 
86.6% 
Agreed that the app was helpful to their learning 73.3% 
Agreed that the app addressed all foundational areas of 
learning programming 
93.3% 
Agreed that they had benefitted educationally from using the 
app 
80.0% 
Would use a similar app again to help learn programming 86.6% 
Found the app easy to use 66.7% 
Agreed the app gave assistance where it was most needed 66.7% 
Agreed the app was fast enough for their needs 53.3% 
 
 
 144 Chapter 5: Results and Analysis 
Comparison of test results between participants who used their own 
devices during tests and those who used the school provided devices 
Only two students used the app loaded on to their own devices during tests. 
Both students sat tests with and without using the app and both achieved better 
average marks when using the app, than when not using the app during tests. Their 
average percentage improvement in marks when using the app was 57% as shown in 
Table 5-18 below. This comparison is of interest for our school as its outcome could 
influence any future purchases of mobile devices by the School.   
 
Table 5-18 Comparison of test results when phone owners used their own devices for tests 
(Marks are out of 10) 
 
Average when part of an 
‘access’ group      
Average when part of a 
‘non-access’ group  
% improvement 
when using app 
Owner 1 2.5 1.667 33.32% 
Owner 2 7.467 1.333 82.148% 
Average percentage improvement in marks when using app: 57% 
  
 
Comparison of test results among participants who were part of both an 
‘access’ and a ‘non-access’ group and completed the survey 
There were students who had an opportunity to be part of both an ‘access’ and 
a ‘non-access’ group for tests and also completed the survey. Of these 11 students, 7 
(64%) averaged better test marks when using the app than not using it. The remaining 
4 (36%) students had a better average when not using the app. The average results for 
this smaller group are very similar to that of the total group of 21 students, as 
illustrated in Table 5-19 on the following page. 
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Table 5-19 Overall averages for test results of all participants compared to 11 who had were 
part of both an ‘access’ and a ‘non-access’ group 
All 21 participants  
‘Access’ group average ‘Non-access’ group average Percentage difference 
7.58/40 5.13/40 6.13% 
11 respondents who both used and didn’t use the app for tests  
‘Access’ group average ‘Non-access’ group average Percentage difference 
8.2/40 5.83/40 5.92% 
 
 
Relationship between survey respondents’ acceptance of the app and their 
test results, for those respondents who were part of both an ‘access’ and a 
‘non-access’ group 
A comparison was also carried out between the 11 survey respondents who 
were both part of an ‘access’ group and a ‘non-access’ group for tests to determine 
whether or not a relationship existed between a student’s acceptance of the app and 
their test results. Table 5-20 on the following page shows the acceptance rates 
between the groups. 
 
From the Table it can be seen that students who achieved better results when 
using the app had a considerably higher acceptance rate of the app, than those who 
did not do as well when using the app. It should be noted here that students were not 
made aware of what their marks for the tests were and therefore did not know their 
final average score for all tests. 
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Table 5-20 Comparison of survey responses for 11 survey respondents who were part of 
an ‘access’ group and a ‘non-access’ group 
 
Averaged better when in an 
‘access’ group  
(when using the app)  
Averaged better when in 
a ‘non-access’ group  
(when not using the app)  
Number of students 7 4 
Smartphone ownership 85.7% 75% 
Agreed that enough opportunity 
was given to make use of the app 
during class times 
100% 50% 
Agreed that the app was helpful 
to their learning 
85.7% 50% 
Agreed that the app addressed all 
foundational areas of learning 
programming 
85.7% 100% 
Agreed that they had benefitted 
educationally from using the app 
71.4% 75% 
Would use a similar app again to 
help learn programming 
100% 50% 
Found the app easy to use 85.7% 50% 
Agreed the app gave assistance 
where it was most needed 
85.7% 50% 
Agreed the app was fast enough 
for their needs 
85.7% 25% 
 
 
The app’s usefulness, usability and learnability 
Usefulness 
When asked whether the app was helpful to their learning and whether they 
would like to use a similar app for any other class in a workshop, 14 out the 15 
students agreed that it was helpful and they would like to use similar again.  12 of the 
15 agreed that the app was educationally beneficial. 
 Chapter 5: Results and Analysis 147 
Usability 
Ten respondents (67%) found the app easy to use and 9 out of these 10 also 
agreed it offered assistance in areas where needed. Three respondents (20%) 
disagreed that the app was easy to use and one of these three strongly disagreed that it 
offered assistance where needed.  The other two (13%) were neutral in their opinion. 
That is a potential 13-33% of students who had some trouble using the app.  
Learnability’s impact on test results 
It was mentioned earlier (Tests 1 and 4: general comparison for improvement 
in results, page 130) that students using the app for tests consistently gained higher 
results from tests 2 to 4, though not in test 1. It is possible that the learnability of the 
app impacted negatively on the ‘access’ groups first test result, but as the semester 
progressed and students became more familiar with the app, they used it more readily 
and easily.  
Student feedback 
The survey also asked students to comment on any changes that they thought 
would result in better use of the learning space’s mobile devices and any apps loaded 
on to them for learning. While the mobile devices and the apps were generally very 
well received by the students, a number of comments were made that revealed 
shortcomings of both the use of the devices and the app from the user’s perspective. 
Following is a complete list of the responses received: 
What worked about the devices and the app 
 “I don’t see anything that needs to be changed about [how the app is used] 
in the workshop” 
 “The app had been a great assistance for students especially on unit 
exercises” 
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 “I agree with the original way used in this semester” 
 “It is really good as is” 
What students would change about the devices and the app 
 “Students being handed the device at the start of class, rather than them 
getting one only if they feel like it” 
  “Faster loading speeds to and from each new page” 
 “Easier to understand words on the main screen for beginner users” 
 “Enhance the search capabilities on the app for faster retrieval of the 
intended information” 
 “More quizzes and practical work that uses the app to help you learn and 
remember better” 
  “I found mobile devices isn’t really helpful and confusing” 
 “Make sure that everyone gets an equal chance to use the app” 
 “A downloadable version of the app [from the App Store or Market Place], 
that can be installed in personal mobile devices” 
 
Conclusions 
 
Results show that using the app resulted in a small improvement in students’ 
test results (3.58% for the whole participant group of 21 students and 2.03% for the 
group of 13 who had opportunity to be part of both the ‘access’  and ‘non-access’  
groups for tests).  The app may have also helped students who knew at least part of 
the answer to a question to arrive at a more correct or complete answer. 
Test results while using the app are also more closely aligned with exam 
results.  Students were allowed to take a crib sheet into the exam and they may have 
used the app in a similar manner. This was part of the original intention of the app: to 
act as a memory help or tutor at the side. The results show that students who were 
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smart phone owners benefitted more from the use of the app than non-owners; and 
these students benefitted the most when using their own device. 
As discussed in Chapter 2 (Challenges to Integration), familiarity with the 
devices in use may have an impact on how students perform when using them.  This 
may have been the case with the app also.  As students became more familiar with 
the app and therefore more comfortable using it, they might have gained more from it 
and this may have resulted in an improvement in their test marks; and the most 
familiar device is the one owned by the student. 
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Chapter 6:  Conclusions 
Introduction 
This study has investigated the use of hand-held devices in higher education 
Information Technology learning spaces. Its purpose was to determine what benefits 
these devices could bring to students in their learning, how could they be used to 
successfully support pedagogical aims in our learning spaces, what challenges existed 
to their inclusion in classes and also what choices there are for development of 
software on them for educational purposes. These are issues that our School has been 
facing as we continue in the early stages of incorporating mobile devices into our 
learning spaces.   
This was a very small-scale study and as such could not produce generalizable results 
that might be valid outside of the context of the study. 
 
Research contributions 
In order to address the above purposes the research sought to answer a number of 
questions (as listed in Chapter 1, Research Questions). These questions are repeated 
below and addressed in detail in the rest of this section. 
1. What benefits are there for students both academic and engagement wise 
when these devices are included in their learning? 
2. How could these devices be used to successfully support pedagogical aims 
in our learning spaces?  
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3. What are the challenges that need to be addressed when including these 
devices in our learning spaces? 
4. What software development choices exist for such devices? 
1. Student benefits 
The findings of the study show that use of the devices has the potential to benefit 
students, although results naturally would be more conclusive in a larger study. 
Analysis of the tri-weekly test results of students involved in the study found that 
students gained academic benefit when using a device to assist them during tests and 
this benefit was the greatest when using their own device. Students were able to 
achieve slightly higher test results when using the app; and the app possibly also 
helped students arrive at more correct and complete answers during tests. Feedback 
from students showed that both the app and mobile devices generally have been well 
received. They have a resource that they consider to be reliable and relevant to their 
study (as shown in Chapter 5, Results & Analysis).  
One of the key benefits, engagement-wise, that hand-held devices bring to a student’s 
learning is their mobility. Not only are these devices very portable, they are also able 
to maintain connection to either a wireless network or a cellular network while the 
user is mobile. When students use these devices for learning, the boundaries of the 
classroom can be extended beyond both the classroom’s wall and class time.  Larger 
devices such as laptops can’t achieve this as easily as hand-held devices. A second 
benefit is the low cost of these devices. This makes them readily available to students 
and most students today bring their own smart phone to classes. Personalisation is 
another hallmark of mobile devices as they have typically been designed for a high 
 Chapter 6: Conclusions 153 
level of customization. This customization can augment the device’s ease of use (as 
discussed in Chapter 2, Mobile Devices).  
2. Successful support of pedagogical aims 
A finding of the study is that these devices can support diverse pedagogical aims, 
although a successful blending of these devices and learning could be more easily 
achieved in an approach that is influenced by constructivist theory (see Chapter 2, 
Pedagogy and technology).  Such a learning approach encourages students to be 
continually active in an educational setting and easily provides an opportunity for the 
devices to be used in learning. An often-repeated theme in the literature is that 
technology should not be the driver in an educational setting, but an appropriate 
pedagogy should underpin any technological inclusion or innovation. The classroom 
setting in which many of our School’s classes are held is very flexible. The room 
contains both laptops and smart phones that the students have unrestricted access to 
during class times, encouraging them to be active in the use of technology during 
classes, and accommodating a constructivist approach to learning. 
 
3. Inclusion challenges 
While the integration of these devices into learning environments can benefit 
students educationally, successful integration is neither simple nor limited to a single 
agent. The challenges to integration are numerous and associated with more than just 
whether or not a student owns a device or has access to one during class times.  As 
discussed in Chapter 2, Challenges to Integration, there are a number of agents 
involved in the inclusion: the devices themselves, the student, the educator and the 
School itself.  All these agents must make contributions for integration to be 
successful long-term.  
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Most mobile devices have not been manufactured expressly for educational use and 
therefore the best option may be to encourage students to use their own devices in 
class, but this of course means that the educator has less control over what happens 
during class time.  There are also the issues of smallness of screen size and 
limitations in functionality of the devices that must be allowed for when using them 
in classes.  
A student also must co-operate with the educator’s choice of inclusion of the devices 
in learning.  Yet, students have differing levels of ownership of the devices and 
acceptance of them in their learning.  Also, because the devices are so easily 
personalised, we should not overlook the work involved when a student is offered the 
use of a School-owned device that he or she is not so familiar with. 
All three of the above agents may work well together in forming an enhanced 
learning environment, but for successful long-term integration it is crucial that 
School or institutional level support be provided for both the student and the educator 
using these devices. This support releases the educator to focus on the method of 
integration.  
 
4. Development choices 
 
There are three choices for development for mobile apps: native, web and hybrid. In 
this research, the final choice for the app was a hybrid app built on a web-based 
platform. From a student’s perspective, this decision has proven to be the right 
decision.  
For our School the optimal choice of platform also was web-based, as this platform 
can reach more devices and is easier to keep up-to-date across multiple operating 
systems. The app’s functionality doesn’t depend on either the School or students 
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owning devices that run on specific platforms.  The app will remain accessible on all 
web-enabled devices; even as operating systems and devices are updated (see 
Chapter 4, The Design of the App). 
 
Future directions 
Limitations of the study 
 
The study only examined smart phones because these are the devices that our School 
owns and therefore what our classes have been using. These also were the only 
devices used in class tests. It must be noted that there are many other hand-held 
mobile devices available on the market today that potentially could be just as equally 
beneficial educationally (or possibly more so). 
The group of students who participated in the study was very small and because of 
time constraints of the study only consisted of a single class within a semester. It 
would have been beneficial to be able to carry out the research within the same unit 
of teaching over a number of years. This experiment also may not be relevant to 
institutions whose context differs from that of CDU, or where learning does not take 
place within a workshop setting that gives opportunity for use of the devices during 
class times. 
Future study on mobile devices in learning 
As stated earlier, successful integration of mobile devices into learning environments 
doesn’t rely on just the devices or sound teaching practice. My confidence in 
integrating the devices into classes grew considerably as the semester progressed and 
it would have been interesting to see how this might impact on student acceptance 
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and benefit of the devices in ensuing classes. I can now see the benefit of repeating 
such a study over a number of years, though this was not possible within the scope of 
a Masters.  Educators within our School continue to experiment with such devices in 
learning and the devices are part of a broader study that we are currently undertaking 
(see Outcomes below). 
Outcomes 
In addition to the contributions to knowledge described in the Research Contributions 
section above, the study has resulted in a number of benefits to our students, me as an 
educator, and our School in general. Student benefits have already been discussed 
under the Research Contributions section of this chapter. Here is an overview of the 
known benefits to both me (the educator) and to our School. 
Personal outcomes 
The integration of new technologies is often complex, and lecturers and Schools need 
ongoing guidance and support in their use. To continue technological innovation 
alone is challenging, both time and inspiration wise. But completing the study has 
greatly increased my awareness of the value of technology being soundly integrated 
into teaching practices, and also how important it is for the educator to guide the 
integration. At the end of 2013, I was invited to join a formal community of practice 
here at CDU, called iScholar. IScholar is a cross-faculty group and is focused on 
supporting innovative teaching practices among academics.  It has afforded me, as 
part of my involvement, the opportunity to continue formal investigation into 
technological integration within my classes and also provides a structured mechanism 
by which I can reflect and continue to write about this. I am now joined by other 
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academics in this pursuit and the iScholar group has attracted institutional support; 
something that often eludes an individual educator. 
But even before iScholar was formed, the study already had a very positive impact on 
my teaching practices. As an educator my approach to using the devices has changed 
as my confidence has grown: confidence in the devices, the app itself and my ability 
to successfully integrate them into class activities. I approach their integration into 
my classes with considerably more self-assurance than at the start of the study. In the 
introductory programming classes, students now either use their own smart phone or 
take a smartphone from classroom storage at the start of class, in the same way they 
take a laptop from storage. The inclusion of the phones during class times isn’t 
optional. The smart phones and the apps on them have been integrated into the 
workshops and learning materials as deeply as the laptops. Reference is made to the 
app on the phones in the same way that any other teaching resources are referred to; 
and if students are having difficulty understanding a concept or need an example the 
app is one of the first places they are directed to for help.  The study also brought 
closer my involvement in the student learning process and has made me more aware 
of the importance of good pedagogy when aiming to assist students in their learning.  
Experimenting with the use of technology within my classes continues.   
Outcomes for our School 
The app was developed in early 2012 and the chosen platform for development was a 
hybrid app (a combination of web and native).  Using a web framework for 
development speeded and simplified development time, but the app was slow in 
performance on any Android machines that were from the lower end of the market 
and consequently had weaker processor power. It would have been very time 
consuming to develop separate apps for both iOS and Android (along with the web 
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version necessary for equity purposes) and therefore not viable as a long-term 
development option.  It is now over two years since development on the apps began; 
the mobile web is developing very fast and already there are newer lighter web 
frameworks available that would help an app to perform faster.  So, a hybrid app 
remains for our school the optimal choice for any future development. 
An area of particular significance and interest to our School, and something 
highlighted by the study, is whether or not students prefer to bring their own devices 
or use a School provided device. This is a very important issue and investigation 
continues into this area; as the outcome will directly influence any future purchases 
of mobile devices by the School.  We already have a number of devices and will 
continue to provide these to students in the near future, but our emphasis over time 
may be more towards providing the appropriate cross-platform software that students 
can load onto their own devices and continue to seek out effective ways to integrate 
both our existing devices and also privately owned devices in a natural manner 
within workshops. 
We are aware also that we do not yet have much institutional level technological 
support for the mobile devices that we currently own and our experience has aligned 
with what the research found: long-term success partly depends on support at an 
institutional level.  It is very difficult long-term for teaching staff to afford the time to 
develop, maintain and update both the devices and any software developed for them 
without outside assistance. Yet, any early experimental stage is an important step 
towards finding future paths towards integration and discovering exactly what 
institutional support is needed.  
Also, what has been learned through this study can be applied to any new devices 
that may be introduced to our School by other academics because the fundamental 
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principles of integration are not dependent on the individual devices themselves. The 
unending issue of currency of technology must also be addressed.  Mobile devices 
and their operating systems in use today may be radically different in five years’ time, 
and this rapid rate of change and the uncertainty associated with it must be 
recognized and accommodated, to ensure long-term success of integration. The only 
way to achieve this with School-owned devices is to continue purchasing the latest 
ones and keep their operating systems up-to-date. This may prove to be too costly in 
the long run.   
Bringing together the need for institutional support for these devices and their long-
term cost of currency, the decision to build on a web-based platform has also proven 
to be the right decision for our School. This approach has meant that any future 
maintenance, additions and distributions of the app are easier and less time-
consuming to achieve than would be the case for multiple native apps.  
In conclusion, this study has been beneficial to our students, me and our School. We 
are now more aware of how to integrate mobile devices into our students’ learning 
spaces and also more confident in this integration. Our investigation into 
technologies in our learning spaces continues. 
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Appendix A 
Timeline for the Study 
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into best 
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initial 
prototype in 
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informal test 
data  
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Redevelop 
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according to 
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second build 
in class                                                                      
Gathering of 
formal data  
 - class tests                                                                      
 - collect 
grade sheets                                                                      
Analyse 
application's 
impact                                                                      
Write up 
findings                                                                      
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Appendix B 
Ethics Clearances from QUT and CDU 
Ethics clearance was applied for from both QUT and CDU. 
Queensland University of Technology’s final decision is as follows: 
Project Title:                The use of hand-held mobile devices as educational aides in                  
                                        information technology classes within flexible learning  
                                        spaces 
Reference Number:     1100001458 
Status:                            Outside Scope of the National Statement 
 
This email is to advise that, as the primary aims of the activity relates to 
learning and teaching, QUT considers the work to fall outside the scope of the 
National Statement on Ethical Conduct in Human Research (2007) which 
"excludes the development of teaching materials that do not embody original 
research" from its definition of research. 
 
As such the activity does not require University Human Research Ethics 
Committee (UHREC) review, approval and monitoring. However the activity 
should still be conducted in accordance with the National Statement, relevant 
legislation and QUT policies. 
 
It is accepted that a secondary purpose may be the sharing of findings, 
respecting participant confidentiality / privacy, with peers through 
publications, textbooks, presentations and reports. 
 
These are grey areas, but consider that the use of research techniques alone, 
and possible publication, does not warrant the need for research ethics 
clearance. 
 
However, given that you are the researcher, lecturer and person assessing the 
students, the perception of coercion and possible concerns of students that non-
participation might affect their grades (especially for first year students) needs 
careful communication to students. It is recommended that, if you haven't 
already done so, you refer to the Guidance Document, Research Data Collection 
in Classrooms or Lecture Theatres at 
http://www.research.qut.edu.au/ethics/humans/faqs/index.jsp for further 
information.  
 
 In addition, it is recommended that you consult with the Chair of the Charles 
Darwin University HREC to ensure that your University does not have different 
requirements. 
 
 
 
 
 
 Appendices 173 
Charles Darwin University required that the study gain Human Research 
Ethics Clearance (HREC). The reference number for the study is H12038. Below 
is a copy of the HREC document that shows the study has received approval. 
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Appendix C 
Online Survey Questions 
HIT211 Mobile Devices in Teaching Practice 
 
Q1 What is your student number? (Note: this information will be removed and 
replaced by an anonymous code before analysis is started) 
 
Q2 What is your age? 
 18 to 25 (1) 
 26 to 35 (2) 
 36 to 45 (3) 
 46 to 55 (4) 
 56 onwards (5) 
 
Q3 What is your gender? 
 Male (1) 
 Female (2) 
 
Q4 Is English your first or second language? 
 First language (1) 
 Second language (2) 
 
Q5 Which year of university study are you currently undertaking? 
 First year (1) 
 Second year (2) 
 Third year (3) 
 Fourth year (4) 
 Fifth year (5) 
 
Q6 Is this the first university programming class that you have studied in? 
 Yes (1) 
 No (2) 
 
Q7 If you answered ‘no’ to the above question, how many previous programming 
units have you studied? 
 One (1) 
 Two (2) 
 More than two (3) 
 
Q8 If you answered ‘yes’ to question 6, please list the programming languages that 
you have studied. 
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Q9 Have you attended classes at university in a workshop environment similar to the 
e-Learning Studio (Purple 12.1.15) before this semester? 
 Yes (1) 
 No (2) 
 
Q10 If you answered ‘yes’ to the above question, how many units have you studied in 
this type of environment before this semester? 
 One (1) 
 Two (2) 
 Three (3) 
 More than 3 (4) 
 
Q11 Have you attended classes in this particular workshop (the e-Learning Studio) 
before this semester? 
 Yes (1) 
 No (2) 
 
Q12 Have you used a hand-held touchscreen device before starting your study in 
HIT211? 
 Yes (1) 
 No (2) 
 
Q13 Do you own a hand-held touchscreen device? 
 Yes (1) 
 No (2) 
 
Q14 Was the hand-held device you used during the workshop tests your own device?  
 Yes (1) 
 No (2) 
 
Q15 How would you rate your proficiency in using such a device? 
 Learner (1) 
 Intermediate (2) 
 Proficient (3) 
 
Q16 Was there enough opportunity given during the workshops for you to 
satisfactorily make use of the application on the device? 
 Strongly Disagree (1) 
 Disagree (2) 
 Neither Agree nor Disagree (3) 
 Agree (4) 
 Strongly Agree (5) 
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Q17 Did you find the use of the application on the device helpful to your learning? 
 Strongly Disagree (1) 
 Disagree (2) 
 Neither Agree nor Disagree (3) 
 Agree (4) 
 Strongly Agree (5) 
 
Q18 Would you use a similar application to assist your learning in a workshop again? 
 Strongly Disagree (1) 
 Disagree (2) 
 Neither Agree nor Disagree (3) 
 Agree (4) 
 Strongly Agree (5) 
 
Q19 What would you change about the workshop that would help you make better 
use of the devices? 
 
Q20 How many times did you use the App during workshop times? 
______ Times Used During Workshop (1) 
 
Q21 What was the average duration of time of each usage of the App in the 
workshops? 
 
Q22 Did you use the App on a hand-held device outside workshop times? 
 Yes (1) 
 No (2) 
 
Q23 If you answered ‘yes’ to the above question, how many times did you use the 
App outside of workshop times? 
______ Times Used Outside Workshop (1) 
 
Q24 What was the average duration of time of each usage of the App outside 
workshop times? 
 
Q25 Would you agree that you have benefitted educationally from the use of the App 
during workshop times? 
 Strongly Disagree (1) 
 Disagree (2) 
 Neither Agree nor Disagree (3) 
 Agree (4) 
 Strongly Agree (5) 
 
Q26 In what other ways do you think that you have benefited from using the App? 
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Q27 Was the application intuitive to use? 
 Strongly Disagree (1) 
 Disagree (2) 
 Neither Agree nor Disagree (3) 
 Agree (4) 
 Strongly Agree (5) 
 
Q28 Did it offer assistance in areas where you most needed it? 
 Strongly Disagree (1) 
 Disagree (2) 
 Neither Agree nor Disagree (3) 
 Agree (4) 
 Strongly Agree (5) 
 
Q29 Did the App perform fast enough for your needs? 
 Strongly Disagree (1) 
 Disagree (2) 
 Neither Agree nor Disagree (3) 
 Agree (4) 
 Strongly Agree (5) 
 
Q30 Where there areas foundational to programming that you thought the App didn’t 
address? 
 Yes (1) 
 No (2) 
 
Q31 If you answered ‘yes’ to the above question, what were those areas? 
 
Q32 Do you have any other comments that you would like to make about the App? 
 
Q33 Please tell us any further comments that you may wish to add that have not been 
covered by the above questions. 
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Appendix D 
Accessibility Test Results for Colours used in the App 
A colour contrast check for accessibility was performed on the app’s colour 
scheme. All colour combinations on the app are compliant. Test results for the 
foreground text contrasting with background colour on a navigation screen within the 
app: 
 
Test results for foreground text contrasting with background colour on a 
content screen within the app: 
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Appendix E 
Sample Marking Rubric for Test 3 
 
Questions Marks 
Question 1 
 One mark per answer 
4 
Question 2 
 One mark per answer 
4 
Question 3 
 Method name  
 Data type  
 Modifier  
 Return  
 Parameter list 
 Substring method used 
 Substring parameters correct 
7 
Question 4 
Item: 
 Private modifiers 
 This keyword 
 getName method data type 
 
ShoppingCart: 
 Private modifiers 
 ArrayList constructor parantheses 
 Item class constructor’s  
 addItem method data type 
 printItems method data type 
 items size method 
 getName call should use casting 
 printIems end bracket 
 
AppTest 
 Class has no errors. 
11 
Question 5 
Instance variable is never changed – local variable is changed 
 Value is correct – (value correct 1 mark) 
 Reasoning – (only receive a mark here if mention is made that 
the intention should be to change the instance variable but the 
method uses any local variables by the same name first.  It 
only looks for instance variables if a local variable by that 
name isn’t found.)  - (3 marks) 
4 
 
